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Abstract 

Chronic pancreatitis is characterized by an inflammatory 
process of the pancreas, which is replaced by fibrosis 
and progressive destruction. The three major clinical 
features of chronic pancreatitis are pain, maldiges¬ 
tion, and diabetes. Chronic pancreatitis has a profound 
impact on social life and employment patterns. In the 
current issue, different topics highlight experimental 
models of chronic pancreatitis and bridge findings from 
recent research to bedside. Although the disease is still 
difficult to treat the current papers represent useful 
guidelines on how to approach chronic pancreatitis in 
the clinical settings with the major aim to improve the 
patient's suffering and quality of life. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved. 

Key words: Chronic pancreatitis; Pathogenesis; Diabe¬ 
tes; Treatment 


Core tip: Chronic pancreatitis has a profound impact on 
social life and employment patterns. In the current is¬ 
sue of World Journal of Gastroenterology, different top¬ 
ics highlight experimental models of chronic pancreati¬ 
tis and bridge findings from recent research to bedside. 
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CHRONIC PANCREATITIS 

Chronic pancreatitis is characterized by an inflammatory 
process of the pancreas, which is replaced by fibrosis 
and progressive destruction. Clinically, the early phase 
is typically dominated by pain or recurrent episodes of 
pancreatitis and complications, whereas in the advanced 
phase symptoms related to exocrine and/or endocrine 
insufficiency are seen. Hence, the three major clinical 
features of chronic pancreatitis are pain, maldigestion, 
and diabetes. The incidence of the disease has been es¬ 
timated to 2-10/100000 and seems to be increasing 1 ' 1 , 
but there are major regional differences, and in some 
countries the disease is much more prevalent. It is also 
likely that there are many patients with, e.g, abdominal 
pain, diarrhea and malnutrition - without diagnostic clas¬ 
sification - that in reality suffer from chronic pancreatitis. 
Apart from the illness the economic burden is also of 
major importance. Chronic pancreatitis has a profound 
impact on social life and employment patterns 1-1 . For so¬ 
ciety the disease in year 2000 accounted for 327000 hos¬ 
pitalizations, 200000 emergency room visits and 532000 
physician visits costing 2.5 billion $ in the United Sta¬ 
tes 1 ’ 1 . Even though excess alcohol intake still is a major 
risk factor, recent data suggest that in some series less 
than half of the patients have alcoholic pathogenesis 
and much attention has been paid to “new” entities such 

• • [4] 

as autoimmune pancreatitis . 

In the current issue of World Journal of Gastroenterol¬ 
ogy , different topics highlight experimental models of 
chronic pancreatitis and bridge findings from recent 
research to bedside 151 . The pathogenesis of pancreatitis is 
reviewed using the recent “MANNHEIM” classification, 
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which may help us in correct diagnostics and subsequent 
treatment' 1 2 3 4 5 6 7 '. Diagnosing of chronic pancreatitis has been 
challenging and imaging techniques are emerging. The 
main development has been within magnetic resonance 
imaging and ultrasonography. Two review papers out¬ 
lined state-of-the-art as well as arising techniques such 
as diffusion-weighted imaging to indirectly assess the 
degree of fibrosis' 71 . Contrast enhanced ultrasonography 
and elastography are other examples of new techniques 
to e.g., differentiate between malignancy and benign le¬ 
sions' 8 '. As support for imaging in diagnostics it is of 
major importance to assess the degree of exocrine and 
endocrine insufficiency. The so-called “direct or invasive 
methods” for assessment of exocrine insufficiency such 
as the Lundh test has been replaced by methods that are 
more suitable for screening, although imaging methods 
such as estimation of pancreatic juice flow during secre¬ 
tin stimulation may end up being a major supplement 
to screening methods. The pros and cons for different 
methods to unravel exocrine insufficiency are also out¬ 
lined in the current issue' 7 '. Treatment of uncomplicated 
disease is usually conservative, with the major aim to 
effectively alleviate pain, maldigestion, and diabetes. 
Malnutrition due to the lack of enzymes results not only 
in weight loss, but also in specific deficits in vitamins 
and nutrients that are essential for normal physiologi¬ 
cal functioning. Malnutrition as complication to chronic 
pancreatitis is often overlooked and it is of major im¬ 
portance that gastroenterologists are aware of this in the 
differential diagnosis of patients with weight loss. The 
paper about nutrition highlights that depletion of nutri¬ 
ents on the one hand and malabsorption (with potential 
changes in metabolic activity) on the other shall both be 
considered to avoid severe complications' 1 "'. Another fre¬ 
quent complication is pancreatic pain. The pain is severe 
and often postprandial resulting in malnutrition despite 
adequate enzyme replacement therapy. There has been 
an increasing understanding of the pathogenesis of pain 
in chronic pancreatitis. Hence, many patients suffering 
from undiagnosed extrapancreatic causes for the pain 
should be treated appropriately. Although the pain can 
be related to strictures and stones in the main pancreatic 
duct, new research has questioned the importance of the 
micro-and macrostructural pathological findings. Neuro¬ 
genic pain due to destruction of the nerves may rather 
play a role for the pain in the majority of patients - and 
should be treated accordingly' 11 '. In the paper about pain 
treatment there is an update on the current treatment 
options and it is highly recommended that clinicians 
are aware of the possibilities for optimal pain relief* 1- '. 
Diabetes complicating chronic pancreatitis (type 3c) is a 
special entity that differs from type 1 and 2 as a variety 
of hormones apart from insulin are lacking - and the 
malabsorption also has to be taken into consideration. 
Despite the importance of this complication few papers 
have explored the pathogenesis and treatment of type 3c 
diabetes and this is also updated in the current issue' 13 '. 


Finally, there are many challenges when it comes to 
pharmacological, endoscopical and surgical treatment of 
chronic pancreatitis. In the paper about pharmacology it 
is discussed how the influence of complications to the 
disease is affecting drug absorption and metabolism' 14 '. 
Surgical and endoscopic interventions are mainly re¬ 
served for complications such as pseudocysts, abscesses, 
and malignancies. There has been a major development 
of endoscopy in diagnosing complications and treatment 
of complications such as endosonographic transmural 
drainage of pseudocysts and biliary strictures and this is 
discussed in the paper about endoscopy' 15 '. Finally, sur¬ 
gery still has a place in treatment of chronic pancreatitis 
and should be considered in selected cases. 

In conclusion important advances have been made 
in recent years with respect to our understanding of the 
pathogenesis of chronic pancreatitis. Although the dis¬ 
ease is still difficult to treat the current papers represent 
useful guidelines on how to approach chronic pancreati¬ 
tis in the clinical settings with the major aim to improve 
the patient’s suffering and quality of life. 
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Abstract 

Chronic pancreatitis affects many individuals around 
the world, and the study of the underlying mechanisms 
leading to better treatment possibilities are important 
tasks. Therefore, animal models are needed to illustrate 
the basic study of pancreatitis. Recently, animal models 
of acute and chronic pancreatitis have been thoroughly 
reviewed, but few reviews address the important as¬ 
pect on the translation of animal studies to human 
studies. It is well known that pancreatitis is associated 
with epigastric pain, but the understanding regarding 
to mechanisms and appropriate treatment of this pain 
is still unclear. Using animal models to study pancreati¬ 
tis associated visceral pain is difficult, however, these 
types of models are a unique way to reveal the mecha¬ 
nisms behind pancreatitis associated visceral pain. In 
this review, the animal models of acute, chronic and 
un-common pancreatitis are briefly outlined and animal 
models related to pancreatitis associated visceral pain 


are also addressed. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved. 

Keywords: Animal model; Pancreatitis; Visceral pain; 
Mechanism 


Core tip: Choosing the right model of pancreatitis is 
difficult and the scientific rationale needs to be care¬ 
fully considered. Furthermore, no model of pancreatitis 
parallels all classical symptoms and the question under 
investigation is of importance when choosing a model. 
One of the main symptoms of chronic pancreatitis is 
visceral pain and in order to improve the pain treat¬ 
ment and obtain more knowledge about the physiology 
behind the pancreatitis associated visceral pain, ani¬ 
mal models of pancreatitis associated visceral pain are 
needed. 


Zhao JB, Liao DH, Nissen TD. Animal models of pancreatitis: 
Can it be translated to human pain study? World J Gastroenterol 
2013; 19(42): 7222-7230 Available from: URL: http://www.wjg- 
net.com/1007-9327/full/vl9/i42/7222.htm DOI: http://dx.doi. 
org/10.3748/wjg.vl9.i42.7222 


INTRODUCTION 

Pancreatitis represents a common disorder of the gastro¬ 
intestinal tract. Acute pancreatitis (AP) has an incidence 
ranged from 4.9 to 35 per 100000 populations 1 * 1 , whereas 
chronic pancreatitis (CP) has an incidence from 2.4 to 4.4 
per 100000 populationsThe etiology of this disease is 
complex and so far a variety of environmental factors in¬ 
cluding alcohol abuse, nicotine habits, hereditary factors, 
efferent duct obstructions, immunological factors and 
rare metabolic factors have all been described. However, 
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the pathophysiology of AP and CP remains poorly de¬ 
fined 1 ' 1 . As a result appropriate therapies are still limited, 
and prognosis has not improved to date, which is mainly 
due to the lack of a satisfactory animal model of pancre¬ 
atitis 14 ’ 51 . 

It is well known that pancreatitis is associated with 
visceral pain, however, the understanding of pain signal¬ 
ing related to pancreatitis is poor 151 . In order to facilitate 
the development of new pharmaceutical treatments for 
AP and CP, characterization of the mediators and recep¬ 
tors or ion channels on the sensory nerve terminals and 
the pathways of the pain signaling are needed. Therefore, 
in this aspect, the animal models of pancreatitis are need¬ 
ed in parallel in order to explore the mechanism behind 
pancreatitis associated visceral pain, as this is difficult to 
study in humans. 

In this review, we briefly outline the animal models 
of acute, chronic and un-common pancreatitis as well as 
animal models related to pancreatitis associated visceral 
pain. 


ANIMAL MODELS OF ACUTE 
PANCREATITIS 

AP is an inflammatory condition of the pancreas charac¬ 
terized clinically by abdominal pain and elevated levels of 
pancreatic enzymes in the blood 1 1 Other characteristics 
of AP include edema, acinar cell necrosis, hemorrhage, 
and severe inflammation of the pancreas. Severe AP 
may lead to systemic inflammatory response syndrome 
and multi-organ dysfunction syndrome, which account 
for the high mortality rates of AP 18 ’’ 1 . As it is difficult to 
study AP in the clinic, animal studies are important in 
order to understand the pathogenesis of AP, however 
an AP model which is strictly comparable to human AP 
is still needed. The current animal models of AP have 
contributed to our knowledge of mechanisms involved 
in early cellular events, pathogenesis and pathophysiology 
of AP 110 ’ 111 . We have illustrated the summary of existing 
AP animal models in Table l [12 " 59 l Details of different AP 
animal models including advantages, disadvantages and 
clinical relevance can be found in a recently published 
review 141 . From a methodological aspect, selecting the ap¬ 
propriate AP animal model depends on the objectives of 
each study as different animal models are targeted to dif¬ 
ferent AP features. For developing the effective treatment 
for AP in the clinic, continued investigation of AP animal 
models are needed. 


ANIMAL MODELS OF CHRONIC 
PANCREATITIS 

A recently published review 1 ’ 1 has described the most 
frequently used and best established models for CP in 
animals. The majority of the animal models are rodent 
models, since mice and rats are easy to handle and there 
is a steadily increasing number of genetic models ob- 


Table 1 Different animal models of acute pancreatitis 


Methods Models and examples 

Non- Hormone-induced 

invasive Acute caerulein pancreatitis of rats 1121 , mice 1131 , dogs 1141 , and 
Syrian hamsters 1151 

Trinidadian scorpion toxin induced acute pancreatitis in 
dogs 116 ' 

Alcohol-induced: rats' 17 ’ 19 ', cats 1201 and dogs [211 
Immune-mediated 
Ovalbumin in rabbit 122 ' 

Foreign serum in mice' 23 ' and rat' 24 ' 

Spontaneous model of autoimmune acute pancreatitis mice' 25 ' 
Diet-induced: Fed a choline-deficient diet containing ethionine 
in mice' 26 ' 

Gene knockout: Interleukin (IL)-l and tumour necrosis 
factor-a' 27 ', IL-6 [281 , IL-10' 29 ', chemoattractant cytokine 
receptor-1 |30 ', neurokinin-1 receptor' 31 ', intercellular adhesion 
molecule 1 (ICAM-1)' 32 ', metallothionein-l' 33 ', cathepsin B' 34 ', 
mouse a2-macroglobulin and murinoglobulin' 35 ', complement 
factor C5a' 36 ', granulocyte-macrophage colony-stimulating 
factor' 37 ' and phospholipase A2' 38 ' 

L-arginine-induced: Administration of a large dose of 
L-arginine in rats' 39,40 ' 

Invasive Closed duodenal loop (CDL): Dog' 41 ' and rat' 42,43 ' 

Antegrade pancreatic duct perfusion: Cat' 44 ' and rat' 45 ' 

Various compounds infusion into the pancreatic duct: Rat' 46 ' 
and dog' 47 ' 

Combined intraductal glycodeoxycholic acid with 
intravenous caerulein: Rat' 48 ' 

V ascular-induced 

Impairment of pancreatic circulation in dogs' 49 ' 

To occlude pancreatic arteries in rats' 30 ' 

Occlusion of pancreatic veins in dogs' 51 ' and in rats' 52 ' 
Complete but reversible ischaemia of the pancreas by 
occluding different arteries using microvascular clips: Rats' 53 ' 
and canine' 54 ' 

Duct ligation 

Ligating the distal bile duct at the level of the duodenum' 35 ' 
Combined pancreatic duct ligation with the secretory 
stimulation, secretin in dogs' 56 ' 

Combining duct ligation with both secretory stimulation 
and minimal arterial blood' 57 ' 

Duct-ligated opossums models' 58 ' 

Transient obstruction of the sphincter of Oddi (SO) in 
Australian brush tailed possums' 59 ' 


tained by gene deletion or transgenic expression of ge¬ 
netic variants. In the same way for animal models of AP, 
the models of CP can be classified into noninvasive or 
nonsurgical models and invasive or surgical models. Table 
2 summarizes different animal models of CP 160 " 1001 . 

In the non-invasive models, repetitive caerulein injec¬ 
tions are amongst the most widely used models. Firstly, 
caerulein injections are relatively easy to perform and 
show a high reliability and reproducibility. Secondly, other 
compounds mediating injury such as lipopolysaccha- 
rides or cyclosporin A can easily be added to the design. 
Thirdly, serial caerulein injections can be performed in 
transgenic or knockout animals. It is likely that there are 
dose and frequency dependency for caerulein. The most 
translational models include repetitive injections of L-ar¬ 
ginine, which appears to produce CP similar to that in hu¬ 
mans 1 70 ”1 In this model, fibrotic tissues are progressively 
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Table 2 Different animal models of chronic pancreatitis 


Methods Models and examples 

Non- Caerulein-induced 

invasive Serial caerulein injections in mice 1601 and rats ' 1 

Combination of repetitive caerulein injections with 
toxins and other agents such as lipopolysaccharides 1621 , 
cyclosporin A 1631 , dibutyltin dichloride 1641 and Alcohol 165 " 671 
Intraperitoneal caerulein injections are administered in 
genetically transformed mice such as TRX-1 transgenic 
mice 168 ' 691 

Arginine-induced 

A single L-arginine injection in rat 1701 
Serial L-arginine injections 170 ' 721 
Alcohol feeding-induced: Lieber-DeCarli formula 175 " 761 
Genetic models: Wistar Bonn/Kobori (WBN/Kob) rats 177 " 791 ; 
R122H transgenic mice 1801 ; SPINK3-deficient (SPINK3-/-) 
mice 1811 ; CFTR-deficient (cftrmlUNC) mice 1821 and CFTR(-/-) 
pigs 1831 ; Kif3a-deficient mice 1841 ; PERK-deficient (PERK-/-) 
mice 1851 ; Interleukin 1 -|t transgenic mice 1861 

Invasive Sodium taurocholate-induced: Retrograde infusion of 
sodium taurocholate (NaTc) into the pancreatic duct 
system of the rat 18 ' 1 

Oleic acid-induced: Retrograde infusion of oleic acid 172,88 " 911 , 
viscous solution of zein 1921 , mixture of zein-oleic acid, 
or viscous solution consisting of zein-oleic acid-linoleic 
acid 193 941 into rat pancreatic duct 
Congestion of pancreatic fluid flow: Combination of 
transient stasis of pancreatic juice flow and mild pancreatic 
duct injury 1951 
Duct ligation model 

Ligation of the common bile duct close to the duodenum 
pancreatic tissue in dogs 1%1 , mouse 1971 and pigs 1981 
Incomplete pancreatic duct ligation in canine 1 " 1 
Occlusion with two different tissue glues in the rat 11001 


replaced with adipose tissue. Due to the high impact of 
alcohol consumption as a risk factor on the pathogenesis 
in human pancreatic diseases, alcohol has frequently been 
used to trigger CP in animal models 173,741 . However, it is 
still being considered whether a model for CP induced by 
alcohol alone is feasible or satisfactory. The combination 
of alcohol feeding with caerulein injections exacerbates 
the course of pancreatitis and consequently increases 
pancreatic fibrosis and the loss of parenchyma. 

Genetic animal models of CP are suitable for dif¬ 
ferent studies. It is well known that activation of tryp- 
sinogen is one of the key events in the early phase of 
pancreatitis, and therefore genetic abnormalities found 
in the trypsinogen gene and in its inhibitors might be 
of particular importance of which R122H transgenic 
mice 18 " 1 are a good example. Transgenic expression of the 
R122H mutation of murine trypsin 4 in the pancreas of 
mice led to progressive fibrosis and chronic inflammation 
of the pancreas. Repetitive inductions of experimental 
pancreatitis with supramaximal doses of cerulein resulted 
in extensive deposition of collagen in periacinar and peri¬ 
lobular spaces of this transgenic animal. However other 
genetic models might also help us to understand how CP 

, , [ 77 - 79 , 81 , 83 - 86 , 101 ] 

develops 

Invasive animal models can also be used to induce 
CP. As an example, retrograde infusion of sodium tauro¬ 
cholate (NaTc) into the pancreatic duct [4<>1 or intraductal 


infusion of NaTc 1 "' 1 can generate pancreatitis, however 
the structure of the pancreatic tissue will return to an 
almost normal state after 14 d. Retrograde infusion of 
oleic acid 17- ’ 88 " 911 , viscous solution of zein |92] , a mixture of 
zein-oleic acid or a viscous solution consisting of zein- 
oleic acid-linoleic acid 193, ’ 4| into rat pancreatic duct will 
cause severe pancreatic atrophy with irregular fibrosis and 
fat replacement over a period of 6 mo. However, these 
models of pancreatitis appear quite distinct from CP in 
humans. As one factor alone is inadequate to cause per¬ 
sistent pancreatic injury, a combination of transient stasis 
of pancreatic juice flow and mild pancreatic duct injury 
is a well established and reliable method to generate CP 
in animal models 1 ’ 51 . It is well known that pancreatic duc¬ 
tal hypertension contributes to the pathogenesis of CP; 
therefore animal models can also be generated by com¬ 
plete obstruction of the pancreatic duct I,<> 981 , incomplete 
pancreatic duct ligation 1 ’ 11 and occlusion with different 
tissue glues 11 "" 1 . Yamamoto et tf/ 1 "" 1 developed an animal 
model with pancreatic ductal hypertension and demon¬ 
strated that this plays an important role in the onset and 
development of CP in rats. However, models for CP 
based on duct obstruction are not common and there is 
only a minority of studies examining the morphological 
and biochemical changes of the pancreas after duct liga- 


ANIMAL MODELS OF UN-COMMON 
PANCREATITIS_ 

Un-common types of pancreatitis can include autoim¬ 
mune pancreatitis (AIP), hereditary pancreatitis 11 " 51 , 
groove pancreatitis 11 " 61 , tropical pancreatitis, pancreatitis in 
ectopic or heterotopic pancreatic tissue, ascaris-induced 
pancreatitis, pancreatitis in cystic fibrosis, pancreas divi- 
sum, annular pancreas, pancreatic cancer manifesting as 
AP, and duodenal villous adenoma with pancreatitis. With 
exception of AIP and hereditary pancreatitis, no relevant 
animal models were found for other un-common pancre¬ 
atitis. Furthermore, hereditary pancreatitis animal models 
were mentioned in the genetic animal models of CP 
above. Therefore only animal models of AIP are briefly 
introduced in this section. 

To date, several animal models of AIP have been 
described. The first model involves the adoptive transfer 
of amylase-specific (an antigen mainly located in acinar 
cells) CD4 T cells and results in pancreatitis in naive 
syngenic recipient animals 11 " l Notably, the histological 
lesions of this model mimic the lobulocentric inflamma¬ 
tory reaction in type 1 AIP. A model developed by immu¬ 
nization of neonatally thymectomized mice with CA (an 
antigen mainly located on the pancreatic epithelium) and 
later transfer of CD4 lymphocytes resulted in a duct- 
centric pattern of pancreatitis resembling type 2 AIP 11 " 81 . 
In another model, NTx-NFS/sld mice spontaneously 
developed sialoadenitis in which a-fodrin was involved as 
an autoantigen, as reported in some patients with Sjogren 
syndrome and AIP 11 "’ 1 . Transforming growth factor-^ 
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(TGF(3) appears to be an important regulatory factor in 
maintaining immune homeostasis. Loss of TGFp signal¬ 
ling contributes to AIP in TGFR dominant negative mu- 

' [HO] 

tant mice . 

Recently two animal models for AIP were proposed. 
The WBN/Kob rat model, associated with congenital 
decreased peripheral Tregs spontaneously develops si- 
aloadenitis, thyroiditis, sclerosing cholangitis and tubu¬ 
lointerstitial nephritis 11111 . Although the target antigens 
remain unclear, CD 8 cells may be the effector cell in this 
rat model 1 ' 12> . Another recently described animal model 
of AIP is the Treg-deficient NOD mouse 1 " 1 . CD28KO 
mice spontaneously develop AIP that closely resembles 
the human disease 1 " ’ 1 . More recently, Haruta et tf/ 1 " 1 in¬ 
vestigated the possible involvement of chronic, persistent 
exposure to avirulent bacteria in the pathogenesis of AIP 
using C57BL/6 mice. 

Existing animal models for AIP have several limita¬ 
tions. In most models the disease is induced by adoptive 
transfer of autoreactive cells and/or antibodies rather 
than spontaneous development of the disease with iden¬ 
tical antigen specificity. The distribution of lesions pro¬ 
duced in animal models for AIP is also variable. This may 
be attributed to the diversity of target antigens, different 
methods of immune staining and different mouse strains. 
In addition, typical histopathological findings of AIP ( e.g ., 
lymphoplasmacytic infiltration with fibrosis, obliterative 
phlebitis and GELs) are rarely observed in animal mod¬ 
els. Thus, there is a need to develop spontaneous animal 
models with identical autoantigens and typical histopath¬ 
ological findings for AIP. 


VISCERAL PAIN IN ANIMAL MODELS OF 
CHRONIC PANCREATITIS 

One of the main clinical symptoms of CP in humans is 
pain, occurring either in episodes or as a constant dis¬ 
abling pain 1 "’ "'’ 1 . Hence, an important goal of treatment 
for CP is to relieve the pain. The analgesic treatment is 
often inadequate as the pathophysiology behind CP as 
well as the mechanisms behind the accompanying pain is 
not yet fully understood 1 " 71 . As described in the previous 
sections, no single animal model displays all aspects of 
CP and each of the different models display histological 
similarities to the human condition to various degrees. 
In order to improve the pain treatment and obtain more 
knowledge about the physiology behind CP associated 
pain, animal models of CP associated pain are needed. 

Rat models of CP where pancreatic nociception was 
investigated, have been established through invasive, non- 
invasive and spontaneous models 1 " 8 ’" 91 . In these models 
pancreatic pain has been shown through both mechani¬ 
cal and thermal stimulation of the abdomen (referred 
pain 1 "" 1 ) as well as direct electrical stimulation of the 
pancreas 1118 ’" 11 . These models had histopathological simi¬ 
larities to the human disease and had progressive fibrosis 
and inflammation. Furthermore, the models showed 
correlation between nociceptive behaviour and increased 


expression of nerve growth factor (NGF) in the pancreas 
and calcitonin gene-related peptide (CGRP), substance 
P (SP), proteinase-activated receptor 2 (PAR2), and 
brain-derived neurotrophic factor (BDNF) in thoracic 
dorsal root ganglion and spinal cord segments 1 " 8,122 " 241 . 
Increased expression of NGF, CGRP, SP and BDNF has 
also been shown in human patients with CP 1 ' 25 " 271 . 

Several animal models have investigated the mecha¬ 
nisms involved in pain accompanying CP. Takamido et 
rt/ 1191 reported morphological changes of the nervous 
system being involved in development of CP pain. This 
study suggested that elongation of dorsal root ganglia 
axons and enlargement of intrapancreatic nerve bundles 
as being a possible mechanism of pain generation in 
CP. On a supraspinal level, findings have suggested that 
descending facilitation from the rostral ventromedial me¬ 
dulla plays an important role in persistent pain associated 
with CP 1 " 81 . Furthermore, recent rat experiments have 
suggested that spinal microglia becomes activated during 
CP and has an important role in initiating and maintain¬ 
ing chronic pain 1 "' 1 . 


TRANSLATION OF PANCREATITIS- 
ASSOCIATED VISCERAL PAIN STUDY 
FROM ANIMAL TO HUMAN 

It may be difficult to use animal models to study pancre¬ 
atitis associated visceral pain as pain is a subjective expe¬ 
rience. However animal models are needed to explore the 
molecular mechanisms behind pancreatitis associated vis¬ 
ceral pain as this is difficult to study in humans. The mo¬ 
lecular mechanisms behind the chronic pain associated 
with CP are poorly understood, but within recent years, 
animal experiments have suggested some mechanisms 
that might be involved. The transient receptor potential 
vanilloid 1 (TRPV1) and transient receptor potential an- 
kyrin 1 (TRPA1) have been shown to be contributing fac¬ 
tors to pain in CP 1122,130,1311 . It has been shown that CP is 
accompanied by an increased level of NGF which caused 
an up-regulation of TRPV1 expression and sensitivity, 
resulting in hyperalgesia and allodynia 112 " 1301 . TRPA1 is 
important in both inflammation and pain in CP and can 
be sensitized through activation of PAR2 1 "’ 11 . 

The mechanisms mentioned above could be used as 
targets for the development of novel therapeutics, aiming 
at treating the chronic pain accompanying CP. Neutral¬ 
izing antibodies against neurotransmitters such as BDNF 
and NGF 1 " 4 " ’" 1 or receptor specific antagonists 1 "^ has 
proven to reverse the characteristic nociceptive behavior¬ 
al changes induced by CP in several of the experimental 
models. Furthermore, inhibition of trypsin or inhibition 
of microglia activation has also abrogated the pain related 
behavior seen in response to CP 1 "'" 1 . All these different 
mechanisms of pain treatment in CP models could have 
a potential as targets for novel pharmacological treat¬ 
ment of the chronic pain associated with CP in human 
patients. Also established analgesic drugs such as gaba- 
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pentin, buprenorphine, and morphine have been tested 
in animal models of CP 1 2 3 4 5 6 7 8 9 10 11 ' 18 ’ 1-1 ’ 1321 , and shown to have 
analgesic effect. However, many of these therapeutic ap¬ 
proaches need to be tested in humans, before their true 
potential analgesic treatment of CP pain in humans can 
be established. It is known that some of these analgesic 
mechanisms are species specific and specific to the differ¬ 
ent models of induced CP. 


CONCLUSION 

Choosing the right model of pancreatitis is difficult and 
the scientific rationale needs to be carefully considered. 
Furthermore, no model of pancreatitis parallels all clas¬ 
sical symptoms and the question under investigation is 
of importance when choosing a model. One of the main 
symptoms of CP is visceral pain and in order to improve 
the pain treatment and obtain more knowledge about 
the physiology behind the pancreatitis associated visceral 
pain, animal models of pancreatitis associated visceral 
pain are needed. 
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Abstract 

Chronic pancreatitis (CP) is an inflammatory disease 
of the pancreas characterized by progressive fibrotic 
destruction of the pancreatic secretory parenchyma. 
Despite the heterogeneity in pathogenesis and involved 
risk factors, processes such as necrosis/apoptosis, 
inflammation or duct obstruction are involved. This fi¬ 
brosing process ultimately leads to progressive loss of 
the lobular morphology and structure of the pancreas, 
deformation of the large ducts and severe changes in 
the arrangement and composition of the islets. These 
conditions lead to irreversible morphological and struc¬ 
tural changes resulting in impairment of both exocrine 
and endocrine functions. The prevalence of the disease 
is largely dependent on culture and geography. The 
etiological risk-factors associated with CP are multiple 
and involve both genetic and environmental factors. 
Throughout this review the M-ANNHEIM classification 
system will be used, comprising a detailed description 
of risk factors such as: alcohol-consumption, nicotine- 
consumption, nutritional factors, hereditary factors, ef¬ 
ferent duct factors, immunological factors and miscella¬ 


neous and rare metabolic factors. Increased knowledge 
of the different etiological factors may encourage the 
use of further advanced diagnostic tools, which poten¬ 
tially will help clinicians to diagnose CP at an earlier 
stage. However, in view of the multi factorial disease 
and the complex clinical picture, it is not surprising that 
treatment of patients with CP is challenging and often 
unsuccessful. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved. 

Key words: Chronic pancreatitis; Pathogenesis; Risk 
factors; Etiology 


Core tip: The reported prevalence of chronic pancreati¬ 
tis (CP) is approximately 0.5%. Etiological risk-factors 
associated with CP are multiple and throughout the re¬ 
view the M-ANNHEIM classification is used comprising 
environmental factors (alcohol consumption, nicotine 
habits and nutrition), hereditary, well characterized 
mutations, ductal obstruction and autoimmune factors. 
CP is characterized by progressive fibrotic destruction 
of glandular tissue, inflammation or duct obstruction, 
leading to irreversible functional impairment of both 
exocrine and endocrine functions. In view of the multi¬ 
factorial disease and the complex clinical picture, it 
is not surprising that treatment of patients with CP is 
challenging and often unsuccessful. 


Brock C, Nielsen LM, Lelic D, Drewes AM. Pathophysiol¬ 
ogy of chronic pancreatitis. World J Gastroenterol 2013; 
19(42): 7231-7240 Available from: URL: http://www.wjgnet. 
com/1007-9327/fulI/vl9/i42/7231.htm DOI: http://dx.doi. 
org/10.3748/wjg.vl9.i42.7231 


INTRODUCTION 

The reported prevalence of chronic pancreatitis (CP) var- 
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ies due to differences in study design, diagnostic criteria, 
culture and geography; however in Europe and United 
States it is relatively rare varying between 0.2% and 0.6% I1] . 
The annual incidence is estimated to be approximately 7-10 
per 100000 1 ” 1 . The etiological risk-factors associated with 
CP are multiple and involve environmental factors (alcohol 
consumption, nicotine habits and nutrition), hereditary 
well characterized mutations, ductal obstruction and au¬ 
toimmune factors 1 ’ 1 . CP is characterized by progressive 
fibrotic destruction of the glandular tissue. The secretory 
parenchyma is destroyed by processes such as necrosis/ 
apoptosis, inflammation or duct obstruction. Increasing 
evidence indicates that pancreatic stellate cells (PSC) are 
the major mediators of fibrosis, resulting in the formation 
of extracellular matrix (ECM) in the interstitial spaces and 
in the areas where acinar cells disappear or duct cells are 
injured. This process ultimately leads to progressive loss 
of the lobular morphology and structure of the pancreas, 
bizarre deformation of the large ducts and severe changes 
in the arrangement and composition of the islets. The 
fibrotic destruction of the pancreatic gland is irrevers¬ 
ible and the morphological and structural changes lead to 
functional impairment of both exocrine and endocrine 
functions, eventually leading to malnutrition and/or dia¬ 
betes 1 ’ 61 . In many aspects the PSCs share many similar 
features to hepatic stellate cells and glomerular mesangial 
cells. The onset of pancreatic fibrogenesis is caused by in¬ 
jury which may involve interstitial mesenchymal cells, the 
duct cells and/or the acinar cells. Which of these elements 
is affected depends on the etiological risk factor. However, 
destruction to any one of these pancreatic tissue compart¬ 
ments is associated with transformation of resident fibro¬ 
blasts/pancreatic stellate cells into myofibroblast-like phe¬ 
notypes; a process called activation. In the activated state 
PSCs express a-smooth muscle actin (a-SMA), prolifer¬ 
ate, and secrete fibrillar collagens, including collagen I and 
HI and fibronectin. All together this production and 
deposition of ECM is characteristic in chronic pancreatic 
fibrosis, and the PSCs likely represent the wound-healing 
myofibroblasts of the pancreas 17,81 . The exact pathophysi¬ 
ological mechanisms initiating and maintaining the devel¬ 
opment of fibrosis in the pancreas are poorly understood, 
but may be viewed as a progression similar to, e.g., liver 
fibrosis 1 * 1 . Hence, the initial injury to one or all of the vari¬ 
ous tissue compartments or cell types of the pancreas, 
leads to cell necrosis and/or apoptosis and consequently 
release of cytokines/growth factors ( e.g ., tumor growth 
factor bl, interleukin-8, platelet-derived growth factor and 
CC-chemokines), either from immigrating inflammatory 
cells, especially macrophages, and/or nearby preexistent 
epithelial or mesenchymal cells 11 "" 111 . Thereafter damaged 
cells are phagocytosed by macrophages, causing release of 
cytokines, which in turn causes activation and proliferation 
of resident fibroblasts/PCS situated in the immediate sur¬ 
roundings of the original site of injury, which accordingly 
induces transformation into myofibroblast cells 17,141 . How¬ 
ever, it has also been suggested as an alternative hypoth¬ 
esis, that the abovementioned progression is bypassed, 



Figure 1 The etiological risk-factors associated with chronic pancreatitis 
are multiple and involve both genetic and environmental factors. Accord¬ 
ing to the M-ANNHEIM classification system, different synergistic risk factors 
are known such as: alcohol-consumption, nicotine-consumption, nutritional fac¬ 
tors, hereditary factors, efferent duct factors, immunological factors and miscel¬ 
laneous and rare metabolic factors. CP: Chronic pancreatitis. 

and the initiating etiological factor (for instance, ethanol 
consumption) activates resident fibroblasts directly. In the 
final stage, myofibroblasts produce and extracellular ma¬ 
trix deposits replace the inflammatory infiltrate and affect 
the architecture and function of the remaining pancreatic 
tissues 141 . Subsequently, a vicious circle has started, because 
in order to facilitate the deposition of the newly formed 
ECM, myofibroblasts enhance production of specialized 
enzymes, such as metalloproteinase matrix metalloprotein¬ 
ase (MMP)-3 and MMP-9, which are able to demolish the 
normal pericellular ECM. These metalloproteinases are in 
return regulated by cytokine tumor growth factor (TGF)- 
Pls, which through autocrine inhibition enhances pancre¬ 
atic fibrogenesis by reducing collagen degradation 1 " 1 . As a 
consequence of declined ECM production (due to with¬ 
drawal of the initiating factor), myofibroblasts may disap¬ 
pear either through apoptosis or retransformation into 
fibroblasts. Furthermore, pancreatic stellate cells express 
both mediators of matrix remodeling and the regulatory 
cytokine TGF-pi that, by autocrine inhibition of MMP-3 
and MMP-9, may enhance fibrogenesis by reducing col¬ 
lagen degradation 1 " 1 . Pancreatic stellate cells express both 
mediators of matrix remodeling and the regulatory cyto¬ 
kine TGF-pi that, by autocrine inhibition of MMP-3 and 
MMP-9, may enhance fibrogenesis by reducing collagen 
degradation 181 . 

To describe the heterogeneity of the underlying patho¬ 
physiology we have throughout the review used the 
M-ANNHEIM classification 131 , comprising detailed 
description of Multiple risk factors such as: alcohol- 
consumption, nicotine-consumption, nutritional factors, 
hereditary factors, efferent duct factors, immunological 
factors and miscellaneous including rare metabolic factors 
(Figure 1). Increased knowledge of the different etiologi¬ 
cal factors may encourage the use of further advanced 
diagnostic tools, which potentially will help clinicians to 
diagnose CP at an earlier stage. 
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Figure 2 A schematic overview showing the overall hypothesis for the pathogenesis of alcoholic chronic pancreatitis. The effect of ethanol and its metabo¬ 
lites on the subcellular organelles include increased digestive and lysosomal enzyme content [due to increased synthesis (increased mRNA) and impaired secretion 
(1)] and destabilization of lysosomes (L) (2) and zymogen granules (ZG) [mediated by oxidant stress, cholesteryl esters (CE) and fatty acid ethyl esters (FAEE) (3)]. 
These changes will make the cell more sensitive to trigger factors and in the presence of appropriate trigger factors, overt acinar cell injury is initiated (alcoholic acute 
pancreatitis). Pancreatic stellate cells are activated by cytokines during alcohol-induced necroinflammation, or directly by ethanol via its metabolism to acetaldehyde 
and the subsequent generation of oxidant stress (4). Activated pancreatic stellate cell then increases the synthesis of extracellular matrix proteins leading to pancre¬ 
atic fibrosis. Modified from Vonlaufen el a/ 841 (5). 


However, in view of the multi-factorial disease and 
the complex clinical picture, it is not surprising that treat¬ 
ment of patients with CP is challenging and often unsuc¬ 
cessful. 

According to the M-ANNHEIM classification, the 
following etiological risk factors are involved in the 
pathogenesis of chronic pancreatitis. 


ALCOHOL CONSUMPTION 

A relationship between alcohol consumption and pan¬ 
creatic impairment has been reported as early as 1878'' 3 ' 
and hence, alcohol intake has long been regarded as the 
primary cause of chronic pancreatitis. Nowadays, there is 
satisfactory indication that the pancreas has the ability to 
metabolize ethanol via both oxidative and the non-oxi- 
dative pathways 1 ’ 61 . The metabolites and their byproducts 
injure acinal cells and activate stellate cells to produce 
and deposit ECM (Figure 2). A study by Dufour et «/’ 7 ' 
suggested that CP development is associated to the dose 
and duration of alcohol consumption. It was estimated 
that approximately 80 g of alcohol per day for a mini¬ 
mum of 6-12 years is required to produce symptomatic 
pancreatitis. However, the consumption of lesser quanti¬ 
ties may also lead to pancreatic injury and may have an 
impact on the progression of the disease 1 ’ 8 '. In order to 
consider the risks associated with lower consumption of 
alcohol, the M-ANNHEIM classification system of CP 
grouped alcohol consumption into patterns of moderate 


(< 20 g pure ethanol per day), increased (20-80 g pure 
ethanol per day), or excessive (> 80 g pure ethanol per 
day) [] . While alcohol consumption is doubtlessly a con¬ 
tributing factor in CP, it must be noted, that considerable 
amount of recent epidemiological studies and animal 
experiments suggest that alcohol alone is not sufficient 
to induce CP. An overview of the associations between 
alcohol consumption and other risk factors are listed in 
Table 1. 

A multi-centre study from Italy reported that exces¬ 
sive alcohol consumption was the principal factor in only 
34% of cases of CP 1 ” 1 and an assessment from the Unit¬ 
ed States concluded it was the main factor in 44% of CP 
cases 1 '’ 0 '. Moreover, African-Americans are at particular 
risk of developing alcoholic CP 1 ”’ 1 . Overall, less than 10% 
of heavy alcohol consumers develop alcoholic induced 
CP 1 ’'. Hence, several theories have been proposed as to 
how alcohol might lead to CP, but no clear-cut answer ex¬ 
ists as prolonged feeding of ethanol does not trigger the 
onset of CP in itself. Therefore, there are indications that 
alcohol sensitizes the pancreas to other external factors 
which interact to increase ethanol toxicity in vivo, such as 
cigarette smoking and diet 1 ’"’ 1 or genetic predisposition). 
Interestingly, alteration of pancreatic secretory trypsin in¬ 
hibitor (SPINK1, Figure 3) and CFTR genes was present 
in patients with alcoholic CP and the increase of those 
genes was moreover associated with higher levels of alco¬ 
hol consumption 1 ’ 3 '. In this line, a recent study'” 4 ' found a 
genetic variant on chromosome X near the CLDN2 gene 
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Figure 3 A scheme representing the role of digestive enzymes in normal pancreatic tissue and in the case of pancreatitis. A: In a normal pancreas, SPINK1 (first 
line of defense) and mesotrypsin (second line of defense) inhibit the generation of trypsin resulting from auto-activation of trypsinogen. These defense mechanisms 
prevent the pancreas from activating the pancreatic enzyme cascade and auto-digestion; B: If mutations are present in the SPINK1 and/or in the mesotrypsin gene, 
they losses their ability to inhibit the generation of trypsin resulting in activation of enzyme cascade and subsequent pancreatic auto-digestion leading to pancreatitis. 
SPINK1: Serine protease inhibitor, kazal type 1, gene (encodes for pancreatic secretory trypsin inhibitor). 


Table 1 Association with alcoholic chronic pancreatitis 


Factor Association 

Drink type Yes: Vonlaufen et al [83] 

Nakamura et al [84] 

No: Levy et al [29] 

Wilson et al [85] 

Drinking pattern Yes: Lankisch et i ?/ |ls| 

No: Levy et al [29] 

Wilson et al [85] 

Diet Yes: Levy et al [29] 

No: Wilson et al [85] 

Tobacco Yes: Rebours et al [2S] 

Maisonneuve 1271 
Imoto' 261 
Lowenfels 1861 
No: Levy 1291 

Haber et al [87] 

Genetics Yes: Whitcomb et flZ 1241 (PRSS1-PRSS2 and X- linked 

CLDN 2) 

Rosendahl 1881 (Chymotrypsin C gene mutation) 
Miyasaka et al [89] (Cholesteryl esterlipase 
polymorphism) 

Ockenga et al [90] (UDP-glucuronosyl transferase) 
Witt et al [91] (SPINK1 mutations) 

No: Schneider et al [92] 

Perri et al [93] 

Frenzer et al [94] 

Schneider et al [82] 

Norton et al [95] 

Haber et al [96] 

Wilson et al [85] 


PRSS1: Cationic trypsinogen gene; PRSS2: Anionic trypsinogen gene; CLDN 
2: Claudin 2 gene; UDP-glucuronosyltransferase: Uridine 5'-diphospho- 
glucuronosyltransferase; SPINK1: Serine protease inhibitor, kazal type 1, 
gene (encodes for pancreatic secretory trypsin inhibitor). 

that predicts which heavy drinking males were in higher 
risk of developing CP. 


NICOTINE CONSUMPTION_ 

Smoking has been identified as an important risk factor 
for development of chronic pancreatitis. The effect of 
tobacco in CP was first described in 1994 M , where heavy 
smokers had a significantly increased risk of developing 
pancreatic calcifications but no effects of alcohol were 


found. Another study reported that cigarette smoking 
increased the risk of pancreatic calcifications in late onset 
idiopathic CP in a population that never drank alcohol 1 ’ 91 . 
Moreover, a study by Maisonneuve et at 1 '' showed that 
smoking accelerated the degenerative alcohol induced 
pancreatitis quantified by the presence of calcifications 
and diabetes. Recently, a study reported that tobacco 
increased the occurrence of all major complications 
of alcoholic CP depending on the amount of smoking 
(1 pack-year is calculated as the number of cigarettes 
per day, multiplied by the number of years of smoking 
divided by 20 cigarettes/pack) 1 " 81 . No differences in CP 
outcome were seen at nicotine consumption correspond¬ 
ing to 10 pack-years. At a threshold of 15 pack-years CP 
was diagnosed earlier (36 years vs 46 years) and at nico¬ 
tine consumption threshold of 20 pack-years up to 76% 
of patients were presented with pancreatic calcifications 
and ductal changes 1 ’ 81 . Tobacco effect on CP has long 
been considered to merely potentiate the main pancreatic 
toxic role of alcohol. However, although heavy smokers 
tended to be heavy drinkers, these recent findings indi¬ 
cate that tobacco intake is an independent risk factor in 
CP and accelerates the course of the disease. 


NUTRITIONAL FACTORS 

Only a few studies were conducted to investigate nutri¬ 
tional effect on CP 1 ’ 9 ’ 3 * 1 , finding that diets rich in fat and 
protein possibly have an impact on the development of 
CP. However, due to subjective descriptions of daily nu¬ 
tritional customs and determination of the retrospective 
body mass index make it nearly impossible to deliver a 
simple report of past daily nutrition in majority of pa¬ 
tients with CP. There is a type of CP named tropical CP 
which has been first described in Indonesia in 1959 [ H 
Tropical CP is a form of non-alcoholic CP existing in 
tropical developing countries. There is some confusion 
regarding the nomenclature sine tropical CP previously 
was hypothesized to be linked to diets high in consump¬ 
tion of cassava 13 ’ 1 , which is a root high in carbohydrates 
but low in proteins and is cultivated in tropical and 
subtropical regions of the world. However, a study in 
rats which were fed cassava for up to one year failed to 
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produce CP 1341 . Moreover, a study in humans comparing 
the amount of consumption of cassava did not observe 
a difference between healthy controls and tropical CP pa¬ 
tients 1 ’ 31 , and today tropical pancreatitis is - at least partly 
- linked to genetic mutations 1361 . Hence, tropical CP is 
widespread in parts of India and Africa where cassava is 
not a part of nutrition and tropical CP is not observed in 
rural West Africa where cassava intake is high 13 ' 1 . There¬ 
fore, the cassava theory lacks evidence. 


HEREDITARY FACTORS 

Over the last decades an association between different 
types of chronic pancreatitis and hereditary factors has 
been reported. Hereditary chronic pancreatitis is a rare 
form which is characterized by an early onset of recur¬ 
rent attacks of severe epigastric pain usually before ten 
years of age 1381 . Back in 1952, Comfort and Steinberg 1391 
first described hereditary chronic pancreatitis as an auto¬ 
somal dominant disease. In 1996, the hereditary chronic 
pancreatitis disease gene was mapped to chromosome 
7q35, which encodes the cationic trypsinogen gene 
(PRSS1 ), and the first mutation, R122H, was detected 14 " 1 . 
Ever since then, many others mutations have been iden¬ 
tified (A16V, D22G, K23R, N29I, N29T, R122C and 
R122H) [4 '~ 4< ’ ] and nowadays it is known that approximately 
80% of hereditary chronic pancreatitis patients have a 
PRSS1 mutation 1471 . R 122H is the most frequent mutation 
causing hereditary chronic pancreatitis, where Arginine 
(Arg) is substituted with Histidine (His) at residue 117 on 
codon 122 [5] . 

Trypsinogen is the inactive pro-enzyme for trypsin 
and cationic trypsinogen is the most abundant isoform in 
the human pancreatic juice (Figure 3). Trypsin becomes 
active when an eight-amino acid amino-terminal peptide 
is removed by an enteropeptidase, and the active trypsin 
plays a central role in pancreatic exocrine physiology as it 
initiates the cascade activation of other pancreatic diges¬ 
tive enzymes. Normally minor amounts of trypsin are 
activated within pancreatic acinar cells. Despite the small 
amount of active trypsin, an ongoing rapid inactivation 
takes place in order to prevent the digestion enzymes ac¬ 
tivation cascade and pancreatic auto digestion. To avoid 
auto digestion, two inhibitory mechanisms are present. 
First line of defense is the pancreatic secretory trypsin in¬ 
hibitor (PSTI, gene name: serine protease inhibitor, kazal 
type 1, SPINK1), which inhibits up to 20 % of the trypsin 
activity 138 ’ 481 . If SPINK1 fails to inhibit the trypsin activity, 
the trypsin-like enzymes ( e.g., mesotrypsin) are activated 
which hydrolyses trypsin and other zymogens (second 
line of defense) [49 ’ 50 l Hence, any mutation in SPINK1 or 
the mesotrypsin gene will delay the protection, and there¬ 
fore hereditary chronic pancreatitis patients are only pro¬ 
tected against pancreatic auto digestion and progressive 
pancreatitis as long as the level of trypsin activity is less 
than SPINK1 level. 

In addition, a diagnosis of familial pancreatitis refers 
to pancreatitis from any cause that occurs in family with 


an incidence greater than expected by chance alone, given 
the size of the family and incidence of pancreatitis within 
a defined population* 311 . Familial pancreatitis may as well 
be caused by genetic mutations. 

As mentioned above SPINK1 encodes PSTI (one of 
the defensive mechanisms against prematurely trypsin 
activity within the acinar cells) and SPINK1 mutations 
are thought to be a disease modifying factor rather than 
being disease causing factor in idiopathic chronic pancre¬ 
atitis [52 ’ 53] . 

Idiopathic chronic pancreatitis is defined as cases of 
pancreatitis within a family where no associated factor 
can be identified and represents 20%-30% of cases of 
chronic pancreatitis 154,551 . Most of the idiopathic chronic 
pancreatitis cases may be due to a variety of processes 
such as mutations in SPINK1 and cystic fibrosis trans¬ 
membrane conductance regulator ( CFTR ) gene 154 " 561 , or 
Sjogren’s syndrome 15 ’ 581 . 

In 1998 a relationship between the CFTR gene and 
idiopathic chronic pancreatitis was described 1 ’ 59 ’ 601 , but the 
underlying mechanisms leading to the development of 
chronic pancreatitis are still poorly understood. CFTR is 
identified as the cystic fibrosis gene and die link between 
cystic fibrosis and chronic pancreatitis is that both condi¬ 
tions may show abnormal sweat chloride concentrations 
together with pancreatic ductal obstruction caused by 
inspissated secretions. Furthermore, l%-2% of patients 
with cystic fibrosis may suffer from recurrent pancreati¬ 
tis 16 "’ 611 , however up to 85% suffer from exocrine insuf¬ 
ficiency and even up to 93% take exogenous pancreatic 
supplements 16 ” 1 . 

There are two forms of idiopathic chronic pancre¬ 
atitis: early- and late-onset pancreatitis, which both dif¬ 
fer from alcoholic pancreatitis. Patients with early-onset 
develop calcification and exocrine and endocrine insuf¬ 
ficiency more slowly than patients with late-onset disease, 
but they experience more severe pain 16 ’ 1 . 


EFFERENT DUCT FACTORS 

Anatomically, the main pancreatic duct joins the common 
bile duct, after which both ducts perforate the medial side 
of the second portion of the duodenum at the major 
duodenal papilla. Hence any obstruction (partial or com¬ 
plete), compression or inflammation of the pancreatic 
tissue will increase the pressure within the pancreatic ef¬ 
ferent ducts leading to ductal dilation proximal (upstream) 
of the stenosis and to atrophy of the acinar cells and re¬ 
placement by fibrous tissue 141 . During embryogenesis, two 
efferent pancreatic ducts, a ventral and a dorsal duct fuse 
together to form one main pancreatic duct. When this 
fusion fails to occur, a pancreas divisum is formed, which 
is one of the most frequent congenital ductal anomalies. 
Theoretically this may cause flow problems within the 
pancreatic duct. However, pancreas divisum is present 
in up to 9% of autopsy studies and controversies exist 
whether presence of this abnormality is overrepresented 
in chronic pancreatitis in comparison to the normal pop- 
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ulation. Despite the rarity (5-15 cases per 100000), annu¬ 
lar pancreas is another congenital disease which may be 
linked to linked to chronic pancreatitis, as the pancreatic 
tissue forms a complete or partial ring around the duode- 

[ 64 ] 

num . 

There are various other possible causes for a duct 
obstruction, but the most important and common is the 
narrowing and eventual occlusion of the main pancreatic 
duct in the head of the pancreas due to a ductal adeno¬ 
carcinoma. Other causes for obstruction of the main 
pancreatic duct include intraductal papillary-mucinous 
neoplasms, cystic and endocrine neoplasms and acquired 
fibrous strictures. In the smaller pancreatic ducts, ductal 
papillary hyperplasia is a common cause of narrow¬ 
ing of the duct lumen. Finally, obstruction caused by a 
gallstones in the common bile duct (choledocholithiasis) 
or sphincter of Oddi dysmotility can obstruct flow and 
therefore cause retention of bile in the biliary tree and 
pancreatic juice in the pancreatic duct. The former is a 
frequent and well-known cause for acute pancreatitis. 


IMMUNOLOGICAL RISK FACTORS 

Immunological risk factors involved in chronic pancre¬ 
atitis leading to autoimmune pancreatitis (AIP) deserve 
increased awareness as the underlying pathogenesis is 
not fully elucidated. The effort to diagnose autoimmune 
pancreatitis is mainly focused on the treatment possibili¬ 
ties with e.g., glucocorticosteroids and differentiating 
the disease from pancreatic cancer. There are several 
lines of evidence that immunological factors play a key 
role in CP. Even though lymphoplasmacytic infiltration 
in AIP is most pronounced in the pancreatic ducts, ad¬ 
vanced cases also show intralobular lymphoplasmacytic 
infiltration, and the inflammation may also specifically 
attack the acinar cells. IgG antibodies to a plasminogen¬ 
binding protein homologous to the human ubiquitin- 
protein ligase E3 component n-recognin 2, is expressed 
in pancreatic acinar cells, and have been found in the 
sera of AIP patients 163 '. In AIP patients auto-antibodies 
to trypsinogens are also upregulated, which is not the 
case in alcohol induced chronic pancreatitis patients, 
corresponding to loss of trypsinogen-positive acinar 
cells in AIP tissues' 66 '. Furthermore, basement membrane 
deposits of complement C3c, IgG4 and IgG not only 
around pancreatic ducts but also around acini have been 
demonstrated in AIP [67 '. 

Even though it has not yet been fully proved that 
there are differences in the pathogenesis, AIP is separated 
into two distinct types: Type 1 and type 2 AIP. 

Type 1 AIP patients (most common type in East 
Asia) are typically older than type 2 patients, with a mean 
age at disease onset of 62 years' 66 '. Plasma levels of IgG4 
are increased and in approximately 50% of the cases 
other organs are affected' 68,69 '. The key histological feature 
that distinguishes type 1 AIP from type 2 AIP is strong 
infiltration of IgG4-immunopositive plasma cells and 
lymphoplasmacytic infiltration'" IgG4-positive scleros¬ 
ing cholangitis represents one of the main extrapancre- 


atic manifestations of type 1 AIP, and hence jaundice is 
a common symptom' “'. Due to the multiple extrapancre- 
atic manifestations of type 1 AIP, Kamisawa et aF 31 pro¬ 
moted the concept of AIP as part of a clinicopathologi- 
cal entity of IgG4-associated systemic disease, together 
with retroperitoneal fibrosis, sclerosing sialadenitis and 
sclerosing cholangitis. This systemic fibroinflammatory 
disease probably also includes lesions in die aorta, breast 
and prostate' 73 " 6 '. 

Type 2 AIP patients (45% of the cases in United 
States and Europe) are typically younger than type 1 AIP, 
with a mean age of 40-48 years' 68,71 . AIP is often associat¬ 
ed with Crohn’s disease and ulcerative colitis' 78 '. The most 
characteristic histological feature which distinguishes type 
2 from type 1 AIP is the so-called granulocytic epithelial 
lesions which are a hallmark of type 2 AIP 177,7 ’'. Besides, 
type 2 AIP is usually not associated with the extrapancre- 
atic manifestations observed in type 1 AIP. 


MISCELLANEOUS 

Tropical chronic pancreatitis 

Tropical chronic pancreatitis may be referred to an id¬ 
iopathic, juvenile, non-alcoholic form of chronic pan¬ 
creatitis widely prevalent in the developing countries of 
the tropical world. Tropical chronic pancreatitis can be 
sub-grouped in two entities: Tropical calcific pancreatitis 
and fibrocalculous pancreatic diabetes. Tropical calcific 
pancreatitis describes the early pre-diabetic stage of the 
disease and affects younger people. Tropical calcific pan¬ 
creatitis is characterized by severe abdominal pain, pan¬ 
creatic calcification, and signs of pancreatic dysfunction 
(no diabetes mellitus at the time of diagnosis). Fibrocal¬ 
culous pancreatic diabetes describes the late diabetic stage 
of the disease where diabetes mellitus is the first major 
clinical sign to determine the diagnosis of fibrocalculous 
pancreatic diabetes. The etiology of tropical calcific pan¬ 
creatitis and fibrocalculous pancreatic diabetes has shown 
to be related to genetic mutations in the SPINK1 gene, 
but it is still unknown if environmental factors have an 

• a [ 36 , 80 - 82 ] 

influence 

Primary hypercalcemia 

It has been suggested that higher serum calcium levels 
may contribute to pancreatitis, as hypercalcemia may pre¬ 
dispose the pancreatic acinar cell to abnormal, sustained 
calcium levels, which leads to premature pancreatic prote¬ 
ase activation, and consequendy pancreatitis. 

Hyperparathyreoidisme 

Controversies exist regarding associations between pri¬ 
mary hyperparathyroidism and acute or chronic pancre¬ 
atitis. However, most studies show an increased rate of 
pancreatitis among patients with primary hyperparathy¬ 
roidism in comparison to general hospitalized patients 
without the disease. 

Hyperlipidemia 

Hyperlipidemia covers abnormally elevated levels of any 
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or all lipids, lipoproteins or both in the blood. Hyper¬ 
lipidemia can be divided in primary and secondary sub- 
types. Lipid and lipoprotein abnormalities are relatively 
common in the general population, and are regarded as a 
modifiable risk factor associated with acute pancreatitis. 


CONCLUSION 

Increased knowledge of different etiological factors and 
how they interact may encourage the use of further ad¬ 
vanced diagnostic tools, which potentially will help clini¬ 
cians to diagnose and treat CP at an earlier stage. Recent 
research has increased our understanding of the disease 
and has changed the approach to CP. However, in view 
of the multi-factorial disease and the complex clinical 
picture, it is not surprising that treatment of patients with 
CP is challenging and often unsuccessful. 
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Abstract 

Magnetic resonance imaging (MRI) techniques for as¬ 
sessment of morphology and function of the pancreas 
have been improved dramatically the recent years and 
MRI is very often used in diagnosing and follow-up of 
chronic pancreatitis (CP) patients. Standard MRI includ¬ 
ing fat-suppressed Tl-weighted and T2-weighted imag¬ 
ing techniques reveal decreased signal and glandular 
atrophy of the pancreas in CP. In contrast-enhanced 
MRI of the pancreas in CP the pancreatic signal is usu¬ 
ally reduced and delayed due to decreased perfusion 
as a result of chronic inflammation and fibrosis. Thus, 
morphological changes of the ductal system can be as¬ 
sessed by magnetic resonance cholangiopancreatogra¬ 
phy (MRCP). Furthermore, secretin-stimulated MRCP is 
a valuable technique to evaluate side branch pathology 
and the exocrine function of the pancreas and diffusion 
weighted imaging can be used to quantify both paren¬ 
chymal fibrotic changes and the exocrine function of 
the pancreas. These standard and advanced MRI tech¬ 
niques are supplementary techniques to reveal morpho¬ 


logical and functional changes of the pancreas in CP. 
Recently, spectroscopy has been used for assessment 
of metabolite concentrations in-vivo in different tissues 
and may have the potential to offer better tissue char¬ 
acterization of the pancreas. Hence, the purpose of the 
present review is to provide an update on standard and 
advanced MRI techniques of the pancreas in CP. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved. 

Key words: Magnetic resonance; Chronic pancreatitis; 
Secretin; Diffusion weighted imaging; Exocrine pancre¬ 
atic function 


Core tip: Magnetic resonance imaging (MRI) tech¬ 
niques for assessment of morphology and function of 
the pancreas are often used in diagnosing and follow¬ 
up of chronic pancreatitis patients. The purpose of 
the present review is to provide an update on stan¬ 
dard and advanced MRI techniques of the pancreas 
in chronic pancreatitis. In addition to standard MRI 
techniques, advanced MRI techniques including mag¬ 
netic resonance cholangiopancreatography (MRCP), 
secretin-stimulated MRCP and diffusion weighted im¬ 
aging can also provide important microstructural and 
functional information. 
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functional evaluation of chronic pancreatitis with magnetic reso¬ 
nance imaging. World J Gastroenterol 2013; 19(42): 7241-7246 
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INTRODUCTION 

The diagnosis and follow-up of chronic pancreatitis (CP) 
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patients rely on both clinical and imaging information 
such as the Mayo Clinic diagnostic criteria 1 ' 1 . Especially, 
the diagnosis of CP at an early stage is a clinical chal¬ 
lenge. The development in imaging techniques, and es¬ 
pecially magnetic resonance imaging (MRI), has dramati¬ 
cally improved the information on both morphology and 
function of the pancreas. In the Mayo diagnostic criteria 
for CP, MRI is now an accepted method for assessing 
ductal pathology and concrements 1 ' 1 . 

A few decades ago, before the clinical introduction 
of cross-sectional imaging techniques, the imaging evalu¬ 
ation of CP was limited to plain radiography depicting 
calcifications. Traditionally, the ductal morphology has 
been assessed with endoscopic retrograde cholangio¬ 
pancreatography (ERCP), which is based on intraductal 
contrast-enhancement with severity assessed using the 
Cambridge classification 1 ’' 1 . Today routine imaging modal¬ 
ities in the evaluation of CP typically include: Computed 
tomography (CT) with one or more contrast-enhance¬ 
ment phases, MRI with or without magnetic resonance 
cholangiopancreatography (MRCP) and ultrasound with a 
transabdominal or endoscopic approach. The advantage 
of MRI is the superior soft tissue visualization without 
radiation exposure. The main focus of imaging is typi¬ 
cally to describe glandular atrophy and calcifications, duct 
pathology, pseudocysts and complications such as abscess 
formation and concomitant acute inflammation. 

Recently, more advanced MRI methods have emerged 
which also provide important information on both tissue 
characteristics and pancreatic function. 

The aim of this review is to provide an update on 
standard and advanced MRI techniques of the pancreas 
in CP. 


STANDARD MRI 

Parenchymal changes can be assessed in the early stage 
of CP by standard MRI typically including fat-suppressed 
T1 -weighted images, T2-weighted images and gadolini¬ 
um-enhanced imaging 13 " 61 . 

Fat-suppressed T1 -weighted images show high sig¬ 
nal intensity in normal pancreas and decreased signal in¬ 
tensity in CP due to loss of aqueous protein in the acini 
within the glandular elements of the pancreas caused by 
chronic inflammation and fibrosis 1 "' 1 . Fat-suppression 
of T1-weighted images enhance the signal of the pan¬ 
creas in relation to the surrounding retroperitoneal fat 
and the signal intensity can be compared to surrounding 
organs and tissue such as the spleen or muscles 1 ' 1 . The 
biliary system and pancreatic ducts are enhanced on fat- 
suppressed T2-weighted images (Figure 1). The size 
of pancreas normally decreases with age but as acinar 
atrophy occurs more rapidly in CP, the pancreas dimin¬ 
ishes segmentally or diffusely in the anteroposterior di¬ 
mensions. The diameter can typically be assessed at the 
head, body and tail of the pancreas and compared with 
age-related normal values of the anteroposterior diam- 



Figure 1 Pancreatic morphology. Axial T2-weighted magnetic resonance im¬ 
aging views showing glandular atrophy (A), dilated irregular duct (B, arrow) and 
irregular side-branches (C, arrow heads) in a patient with chronic pancreatitis. 

Gadolinium-enhanced imaging is used to investigate 
the perfusion of the pancreas during a series of contrast- 
enhanced images with repeated sequential scans. During 
the arterial phase of gadolinium infusion the normal pan¬ 
creas shows pronounced enhancement due to high vas¬ 
cular perfusion and decreased signal during the venous 
phase 1 " 1 . The perfusion of the pancreas is decreased in 
patients with CP due to chronic inflammation and fibro¬ 
sis resulting in reduced and delayed enhancement of the 
pancreatic signal 17 ’" 1 . 

Standard MRI is often used together with MRCP to 
assess both parenchymal and ductal changes of the pan¬ 
creas. One important limitation of MRI lies in its inability 
to depict small parenchymal calcifications, which can eas¬ 
ily be evaluated with CT. 

MRI also has a role in diagnosing autoimmune pan¬ 
creatitis (AIP) which can be a differential diagnosis to 
CP 1 ' 3 ’ 141 . In diffuse AIP, MRCP may show a decreased di- 
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Figure 2 Magnetic resonance cholangiopancreatography. Upper figure dis¬ 
plays a single coronal image and the lower figure a 3D view of the pancreato- 
biliary tree. In this chronic pancreatitis patient the dilated irregular main duct 
has irregular side branches (arrow heads) and contains multiple rounded filling 
defects (arrows). 

ameter of the main pancreatic duct and can be accompa¬ 
nied by strictures and an irregular wall. However, in AIP 
the pancreas is typically with diffuse or localized enlarge¬ 
ment with reduced signal on T1 and increased signal on 
T2-weighted images. A surrounding capsule with reduced 
signal in T2-weighted images can be seen 11 ’’ 141 . 


MRCP 

MRCP was first described in 1991, providing a non-inva- 
sive alternative to ERCP, which relies on the endoscopic 
injection of contrast fluid into the common bile duct 1151 . 
By applying either a single-shot breath-hold technique 
or a free-breathing technique with respiratory triggering, 
MRCP can provide both 2D and 3D images 116 ' 171 . Advanc¬ 
es in scanner technology in the recent years allow faster 
image acquisition and better quality with more detailed 
images including 3D reconstructions. These advances 
benefit from a high signal-to-noise ratio. Additionally, the 
3D free-breathing protocol makes it superior to 2D imag¬ 
ing in patients who are unable or unwilling to hold their 
breath for the duration of the scan 1181 . 

MRCP relies on heavily T2-weighted pulse sequences, 
benefiting from the T2-weighted differences in relaxation 
time between fluid-filled compartments and adjacent soft 
tissue. Hence, the pancreato-biliary tree is displayed as 
high signal intensity and the pancreatic duct is clearly vi¬ 
sualized in the normal pancreas. Accordingly, the MRCP 
technique is relevant in detecting pancreatic ductal dila¬ 


tion, small filling defects (stones and protein plugs), 
strictures, irregularities of the main pancreatic duct, and 
irregularity (sacculation and/or ectasia) of side branches 16 ' 1 
(Figure 2). Furthermore, pseudocysts and other ductal 
congenital abnormalities and normal variants (such as 
pancreas divisum) can be visualized 119 " 01 . 

The Cambridge classification system of ductal di¬ 
mensional changes has been modified for the MRCP 
technique in the following fashion: Cambridge 1 (normal 
pancreas): pancreatic ducts are normal; Cambridge 2 
(equivocal pancreas): 1-2 side branches and main duct 
2-4 mm; Cambridge 3 (mild disease): ^ 3 side branches 
and main duct 2-4 mm; Cambridge 4 (moderate disease): 
^ 3 side branches and main duct > 4 mm; Cambridge 5 

(marked disease): as traditional Cambridge classification 

. [ 2 , 6 ] 
system . 

The acquisition of MRCP sequences following intra¬ 
venous administration of secretin hormone allows a bet¬ 
ter visualization of subtle ductal changes especially in the 
early stage of CP 1 " 11 . 


SECRETIN-STIMULATED MRCP 

The secretin hormone stimulates pancreatic duct cells 
to produce a large volume of watery bicarbonate-rich 
pancreatic juice, which is secreted into the ducts and 
duodenum. Typically, images are obtained before and 
frequently after secretin stimulation for a period. In the 
normal pancreas the effect starts almost immediately and 
peaks between 2-5 min and by 10 min the caliber of the 
duct should return to baseline 1 ”* 1 . In secretin-stimulated 
MRCP (s-MRCP) the ductal system including side branch 
pathology and filling defects are better visualized com¬ 
pared to traditional MRCP, and s-MRCP provides images 
comparable to ERCP with Cambridge classification 1 ” 1 "’ 1 . 
Furthermore, the exocrine function can be evaluated with 
assessment of duodenal filling, changes in pancreatic duct 
caliber, change in anteroposterior diameter of the pancre¬ 
as, and change in signal intensity ratio between pancreas 
and spleen on T1-weighted and arterial-venous enhance¬ 
ment ratios 1 ' 0 ’” 3 ’ 241 . The s-MRCP findings in CP (reduced 
duodenal filling grade and reduced increase in pancreatic 
duct caliber) are comparable to the results of endoscopic 
pancreatic function testing (ePFT) [231 . Studies in CP by 
Manfredi et <j/” 51 and Schneider et aF h] showed correlation 
between assessment of the pancreatic exocrine reserve 
by dynamic s-MRCP and exocrine function assessed by 
fecal elastase test and 13C-mixed chain triglyceride breath 
test. Wathle et a/” 71 found correlation between endoscopic 
aspiration-based bicarbonate test and s-MRCP findings 
in healthy controls. However, the use of s-MRCP has not 
yet been integrated as a part of the Mayo diagnostic cri¬ 
teria for CP and further evaluation of s-MRCP as a test 
for exocrine function in comparison to traditional tests is 
needed. 

Furthermore, s-MRCP can be combined with diffu¬ 
sion weighted imaging (DWI) of the pancreas. 
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Figure 3 Diffusion weighted imaging. The apparent diffusion coefficient map 
of a chronic pancreatitis patient is shown with a measuring region of interest 
positioned in the pancreatic head to assess the degree of parenchymal fibrosis 
(red is high and blue low water diffusion). 


DWI 

DWI is an emerging technology to assess early parenchy¬ 
mal changes associated with CP and has shown results 
comparable to other existing methods such as MRCP and 
ePFT 11 ' -81 . DWI assesses the random microscopic motion 
of water protons to obtain the apparent diffusion coeffi¬ 
cient (ADC). The flow of water is less restricted in fluid- 
rich tissues, which will then be represented by a high 
ADC value. Water molecules interacting with cell mem¬ 
branes and macromolecules will be restricted thereby 
causing a reduction in the ADC value. A reduced amount 
of diffusible water is present in fibrotic tissue and in re¬ 
duced pancreatic exocrine function 1-1,1 . Hence, presence 
of parenchymal fibrosis in CP causes diffusion restriction 
and results in lower ADC values 129,301 (Figure 3). 

Furthermore, when used in combination with secre¬ 
tin stimulation, the ADC value increases both in normal 
pancreas and in CP as the secretion stimulation facilitates 
an increased mobility of water molecules and increased 
circulation in the pancreatic capillaries. Following secretin 
stimulation, the diffusion coefficients have either delayed 
or lower peak values in CP patients, indicating reduced 
exocrine function 1- 9,3 ’l Also, patients in risk of CP (such 
as alcohol consumption, nicotine consumption, nutrition¬ 
al factors, hereditary factors, efferent duct obstructions, 
immunological factors and rare miscellaneous factors) 
generally exhibit a delayed peak in diffusion coefficients 
compared to controls 1 ’ 11 . 

This technique can be particularly useful in patients 
with early stage CP where atrophy and ductal pathology 
are subtle. Furthermore, the technique is useful in dif¬ 
ferentiating between pancreatic cysts, inflammatory cysts 
and cystic neoplasms and between pancreatic adenocar¬ 
cinoma and normal pancreas due to different content of 
cellular elements 1 ' -1 . Inan et aP 31 calculated ADC values 
and ADC cyst-to-pancreas ratios and found significant 
lower values for abscesses, hydatid cysts and neoplastic 
cysts compared to values of simple cysts and pseudo¬ 
cysts. This technique may be useful in the diagnosis of 
intraductal papillary mucinous neoplasms (IPMN), which 


Table 1 Advantages of magnetic resonance imaging 
techniques 


MRI MRCP s-MRCP DWI 


Loss of aqueous protein 

Yes 

No 

No 

No 

Glandular atrophy 

Yes 

No 

No 

No 

Perfusion 

Yes 

No 

No 

No 

Calcification 1 

No 

No 

No 

No 

Pancreatic ductal dilation 

No 

Yes 

No 

No 

Filling defects 

No 

Yes 

Yes 

No 

Strictures 

No 

Yes 

Yes 

No 

Irregularities 

No 

Yes 

Yes 

No 

Pseudocysts 

Yes 

Yes 

Yes 

No 

Side branch pathology 

No 

Yes 

Yes 

No 

Exocrine function 

No 

No 

Yes 

Yes 

Parenchymal fibrosis 

No 

No 

No 

Yes 


Advantages of the different magnetic resonance imaging (MRI) techniques 
in diagnosing chronic pancreatitis. l A disadvantage of MRI is the 
inability to detect calcifications. This can be achieved through computed 
tomography scans. DWI: Diffusion weighted imaging; MRCP: Magnetic 
resonance cholangiopancreatography; s-MRCP: Secretin-stimulated 
MRCP. 

is often difficult since CP and IPMN may have overlap¬ 
ping imaging findings 113,341 . Patients with main duct IPMN 
can present with ductal dilatation and associated paren¬ 
chymal atrophy, and patients with side-branch IPMN can 
present with cystic lesions often confused with pseudo¬ 
cysts. ADC values of the cystic lesions may be helpful in 
deciding the malignant potential of IPMN 134,351 . 


NEW TECHNIQUES 

Recently, other advanced MRI techniques have become 
more interesting as the development within the MR 
hardware and software is expanding and allows increased 
signal-to-noise ratios, shorter scan time and breath-hold 
imaging. 

MR spectroscopy with non-invasive in-vivo assessment 
of metabolite concentrations has been applied in a variety 
of different tissues ( e.g ., brain, prostate, breast and liver). 
Hence, spectroscopy of the pancreas has the potential 
to offer a more accurate tissue characterization. Due to 
methodological challenges, the pancreas has only been 
studied to a very limited degree with spectroscopy. De¬ 
spite of this, Su et aP 61 characterized the normal pancreas 
at 3T and identified metabolites such as lipid, choline and 
cholesterol. Cho et aP 71 used MR spectroscopy to distin¬ 
guish between patients with chronic focal pancreatitis and 
patients with pancreatic carcinoma and found less lipid in 
pancreatitis than in pancreatic carcinoma. Furthermore, 
other studies also detected differences between normal 
pancreatic tissue and carcinoma tissue with alterations in 
lipid, choline and fatty acids 138,391 . However, to the best of 
our knowledge, this technique has not yet been applied in 
the characterization of CP patients. 


CONCLUSION 

This review provides an update on standard and ad- 
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vanced MRI of the pancreas in CP. Table 1 summarizes 
the capability of the different MRI techniques to display 
the different aspects of pancreatic changes and dysfunc¬ 
tion in CP. Depending on local practice, scanner configu¬ 
ration and radiological experience, it should be possible 
to construct or customize individual MR protocols in¬ 
cluding the (or some of the) techniques reviewed in this 
paper to get the best possible morphological and func¬ 
tional information in CP. 
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Abstract 

The course and outcome is poor for most patients with 
pancreatic diseases. Advances in pancreatic imaging 
are important in the detection of pancreatic diseases 
at early stages. Ultrasonography as a diagnostic tool 
has made, virtually speaking a technical revolution in 
medical imaging in the new millennium. It has not only 
become the preferred method for first line imaging, but 
also, increasingly to clarify the interpretation of other 
imaging modalities to obtain efficient clinical decision. 
We review ultrasonography modalities, focusing on ad¬ 
vanced pancreatic imaging and its potential to substan¬ 
tially improve diagnosis of pancreatic diseases at earlier 
stages. In the first section, we describe scanning tech¬ 
niques and examination protocols. Their consequences 
for image quality and the ability to obtain complete and 
detailed visualization of the pancreas are discussed. In 
the second section we outline ultrasonographic char¬ 


acteristics of pancreatic diseases with emphasis on 
chronic pancreatitis. Finally, new developments in ultra¬ 
sonography of the pancreas such as contrast enhanced 
ultrasound and elastography are enlightened. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved. 

Key words: Ultrasonography; Pancreas; Chronic pan¬ 
creatitis; Transabdominal ultrasound; Medical imaging 
technique; Contrast enhanced ultrasonography; Elas¬ 
tography; Strain imaging 


Core tip: Pancreatic diseases include acute and chronic 
inflammatory diseases and neoplastic tumors. It is a 
clinical challenge to diagnose these patients at an early 
stage because biochemical and imaging signs may be 
unspecific and are only evident at an advanced stage of 
the disease. Advances in pancreatic imaging are impor¬ 
tant for early detection of pancreatic diseases. Ultraso¬ 
nography, as a diagnostic tool, has undergone major 
technical improvements over the last decade. It still is 
the preferred method for first line imaging, as well as it 
is increasingly used to clarify findings by others imaging 
modalities to support decision making. 


Dimcevski G, Erchinger FG, Havre R, Gilja OH. Ultrasonog¬ 
raphy in diagnosing chronic pancreatitis: New aspects. World J 
Gastroenterol 2013; 19(42): 7247-7257 Available from: URL: 
http://www.wjgnet.com/1007-9327/full/vl9/i42/7247.htm DOI: 
http://dx.doi.org/10.3748/wjg.vl9.i42.7247 


INTRODUCTION_ 

Transabdominal ultrasonography still is the most used 
first line imaging modality in the diagnostic workup of 
abdominal diseases. Ultrasonography is, noninvasive, 
widely available, inexpensive, without side effects and 
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easy to perform on a daily basis, if needed. As a “real¬ 
time” imaging modality, transabdominal ultrasonography 
gives first a broad overview and then can localize the 
“region of interest” to perform detailed evaluation and 
eventually determine the cause of the disease. It can also 
reduce the use of computed tomography, magnetic reso¬ 
nance pancreatography, endoscopic ultrasonography or 
other diagnostic methods, which are personnel-intensive 
and thereby costly 11 " 1 . 

Ultrasonography (US) of the pancreas is challenging, 
given its retroperitoneal location with overlying struc¬ 
tures and relatively small size. The quality and thereby 
the clinical usefulness of the pancreatic ultrasound imag¬ 
ing has rapidly advanced along with the technological 
progress. Early works in the seventies and eighteens de¬ 
scribe evidence of pancreatic structural changes seen by 
transabdominal ultrasonography of approximately two- 
thirds in the diagnosed chronic pancreatitis (CP) cases 13 ' 71 . 
Concerning pancreatic malignancy, most early works de¬ 
scribe, somewhat surprisingly, pathological findings in the 
majority of the cases, but the distinction between malig¬ 
nancy and chronic pancreatitis could not be achieved 1 '' 71 . 
With modern, high-end scanners, experienced physicians 
could achieve complete imaging of the pancreas in 90% 
in the nineties 161 . The current sensitivity and specificity of 
transabdominal ultrasonography in the diagnosis of pan¬ 
creatic diseases, the ability to differentiate between acute 
and chronic inflammation and premalignant or malignant 
lesions is not yet determined. Today we have real-time, 
high-resolution imaging, where the spatial resolution is 
in line with the best image quality computed tomography 
(CT) or magnet resonance imaging (MRI) can offer. Fur¬ 
thermore, the temporal resolution far exceeds that of CT, 
positron emission tomography and MRI, which is par¬ 
ticularly relevant for contrast-enhanced ultrasonography 
(CEUS). Moreover, the image quality and especially the 
amount of information are evolving along with the tech¬ 
nological progression and introduction of new modalities 
such as of CEUS and elastography 18,91 . 

Figure 1 shows a standard B-mode image of the pan¬ 
creas, liver and surrounding vessels with a 1-5 and 12-15 
MHz transducer. A clear overview of the gland and sur¬ 
rounding structures can be obtained and by changing 
the frequencies for any depth, focus on a smaller area of 
interest can be achieved. 

We shortly review the current and forthcoming tech¬ 
nical modalities and methods in transabdominal ultraso¬ 
nography and endoscopic ultrasonography (EUS) of the 
pancreas with emphasis on CR In our opinion, transab¬ 
dominal ultrasonography has an important place in imag¬ 
ing of the pancreas, alongside CT, MRI and EUS. 


ULTRASOUND EXAMINATION_ 

Ultrasonographic imaging of the pancreas can be difficult 
given its retroperitoneal location, variety in appearance 
among individuals and body habitus. Overlying bowel 
gas and obesity are the most frequent limitations in trans¬ 


cutaneous scanning of the pancreas 11 "' 1 " 1 . 

Due to the food related production of intestinal 
gas reflecting the ultrasound beams, every examination 
should be performed fasting. US examination of the pan¬ 
creas includes transverse, longitudinal and angled oblique 
scans. Successful visualization can often be achieved by 
manipulations with the transducer and is directly linked 
to the skill and persistence of the examiner. By applying 
graded compression by the transducer, bowel gas can 
be moved away, and all the portions of the pancreatic 
gland; head, neck, body and tail can often be visualized. 
Further improvement can also be obtained by drinking 
two glasses of water/juice, thereby using the fluid-filled 
stomach as an acoustic window. Other manipulations 
such as; changing the patient’s position to stand or sit; let 
the patient turn from the supine position to oblique posi¬ 
tion or change/stop the breathing circle; let the patient 
“blow up the belly”, can also improve visualization of the 

[ 13 ] 

pancreas . 

The pancreatic tail can sometimes be difficult to ac¬ 
cess in transversal scan. Figure 2 shows trans-splenic 
access, where the tail of the pancreas (cauda pancreatis) 
is scanned from the left lateral side using the spleen as 
acoustic window. 

In a US examination of the pancreas the echotex- 
ture, the size of the gland including the main pancreatic 
duct (MPD), and anatomical landmarks of the pancreas 
should be evaluated. The echotexture in a normal pan¬ 
creas is isoechogenic or hyperechogenic compared to the 
healthy liver 1141 . Frequently, the echogenicity of pancreas 
is increasing with age. Orientational antero-posterior 
dimensions of the pancreas are: the head (2.5 cm), body 
(1.5 cm), tail (3.5 cm) and the pancreatic duct (< 2.5 
mm). Fatty replacement (lipomatosis) of the pancreatic 
gland and decrease in size is common with increasing age 
but can also be found in patients with cystic fibrosis, CP, 
some types of diabetes and other diseases 11 ' 1 ' 1 . 

The surrounding vascular, ductal and abdominal 
organ landmarks are the portal vein, splenic vein, conflu- 
ens with the mesenteric vein, vena cava, aorta, superior 
mesenteric artery, common hepatic artery, splenic artery, 
common bile duct, duodenum, stomach and the liver. 

MODA LITIES IN ULT RAS ONOGRAPHY 

Grayscale B-mode ultrasound 

Grayscale B-mode ultrasound of the pancreas is the most 
used imaging modality. Complete evaluation of organ 
size, borders, echo structure, surrounding vessels, and 
pancreatic ducts can be obtained swiftly. These param¬ 
eters are often sufficient to diagnose many diseases of 
the pancreas and patients can be managed accordingly. 

Tissue harmonic imaging 

Tissue harmonic imaging (THI) or second harmonic 
imaging overcomes several of the B-mode limits. By 
receiving harmonic overtones instead of the emitted 
US-frequencies, the lateral delineation is sharpened and 
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Figure 1 Pancreas and the surrounding anatomical landmarks. A: B-mode image (1-5 MHz); B: B-mode image with a 12-15 MHz transducer. Details shown with 
high resolution. MR: Musculus rectus abdominis; RLL: Right liver lobe; Cap: Caput pancreatis; Cor: Corpus pancreatis; Cau: Cauda pancreatis; Msa: Superior mesen¬ 
teric artery; Duo: Duodenum; Ao: Aorta. 




Spleen 



Colon 

- _ - 

Splenic vein 

Tail 


Figure 2 Left lateral side scan shows the pancreatic tail (cauda) using the 
spleen as acoustic window. 

reverberation artifacts are reduced 1 ’ 81 . The image quality 
is improved by better discrimination between liquid and 
solid structures increasing the spatial and contrast resolu¬ 
tion, making millimeter sized structures detectable. Thus, 
ultrasonography with THI may have better resolution 
than CT and MRI, in the absence of extreme obesity or 
a large amount of intestinal gas, which may temporarily 
mask the pancreas’"“’l There are only a few disadvantag¬ 
es of THI; reduction of frame rate, reduced penetration 
depth, motion artifacts and only marginal improvement 
of image quality in the near sound field. This modality is 
normally used with CEUS, which is probably the most 
important application of this modality 1 '' 31 . 

Doppler imaging 

The Doppler effect in ultrasound is the change in US fre¬ 
quency of reflected wave from an object moving relative 
to the ultrasound probe, adding the option to show and 
record blood flow direction and velocity from vessels in 
ultrasound imaging. 

Several modalities in conventional Doppler ultraso¬ 
nography exist 1241 . Combining B-mode gray scale and col¬ 
or-Doppler ultrasonography, overall accuracy rises sub¬ 
stantially. By international convention, Doppler color is 
coded in such a way that red color expresses flow towards 


the ultrasound transducer, while blue color expresses 
flow away from the transducer. The recent technological 
progress, in particular increased color-Doppler sensitivity 
is contributing to diagnosing and staging of pancreatic 
diseases. Doppler interrogation of the gland may show 
the outlines of the organ more precisely, since the pan¬ 
creas is surrounded by vessels. The normal intrapancre- 
atic vessels are small and difficult to show in conventional 
Doppler imaging. Color-Doppler shows flows in normal 
surrounding vessels and abnormal vascularity, such as in 
tumors with high vessel infiltration or tumor infiltration 
in vessels 1 "’'. This method can also discriminate between 
cystic avascular processes without blood flow and aneu¬ 
risms. Very small pancreatic calcifications which can be 
hard to distinguish in the irregular parenchymal pancreat¬ 
ic tissue in CP can be identified by the presence of twin¬ 
kling artifacts. Modern high- end scanners can distinguish 
between inflammation (high flow) and infarction without 
flow' 26 '. 


METHODS IN ULTRASONOGRAPHY 

Panoramic imaging 

In a conventional ultrasound field of view, only parts of 
the pancreas are visible in one image. With the panorama 
technique, based on real time image reconstruction the 
whole pancreas can be displayed in one image, allowing 
the creation of images similar to those in CT and MRI. 
However, the usefulness of these computed images re¬ 
garding the evaluation of pancreatic disorders is not well 
documented. 

Compound imaging 

Compound imaging obtains multiple coplanar images 
from different angles using computed beam steering. 
Multiple views are integrated into a single compound 
image with improved tissue definition, where signals 
from real structures are intensified and the artifacts are 
suppressed' 14 ’ 18,19 '. Organs appear smoother with clear 
contours. The MPD and vessels are clearly accentuated. 
As these images are generated from several angles, classi- 
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Figure 3 Perfusion analysis of the pancreas. A: Dual view of contrast-enhanced ultrasonography examination of the pancreas in a healthy volunteer. 1.5 mL bolus 
of Sonovue was given as a bolus and after approximately 45 s the area of interest was exposed to high Ml ultrasound bursting the bubbles in the imaging plane; B: A 
motion correcting analyzing software was used (DCE-US, http://www.isibrno.cz/perfusion/). A region of interest have been drawn including the head and body of the 
pancreas (unpublished data). 


cal signs in transabdominal ultrasonography such as cast 
shadows behind pancreatic calcifications or ultrasound 
enhancement behind pancreatic cysts are attenuated 1 " '. 

Contrast-enhanced ultrasonography 

The development of microbubble contrast agents en¬ 
ables the display of the vasculature, down to parenchy¬ 
mal microvasculature. With this technique enhancement 
patterns of lesions can be studied in real time in a similar 
way as contrast-enhanced CT or contrast-enhanced MRI, 
under full control of the operator 1 " 8 ’ 311 . Ultrasound con¬ 
trast agents are confined to the blood pool where CT or 
MRI contrast agents are rapidly cleared into the extravas- 
cular space. As the contrast bubbles, approximately the 
size of a red blood cell, are gas-filled, they create strong 
acoustic reflectors within the fluid filled blood pool. An 
advantage of CEUS is the ability to study the dynamics 
of lesions in real time. The excellent tolerance and safety 
profiles allow repeated administrations in the same ses¬ 
sion if needed. The elimination of the contrast agent is 
by breathing, independent of liver and kidney function. 
Today, CEUS is increasingly incorporated in clinical use, 
alongside with traditional US, in liver lesions, which is by 
the far the most common use, but also in the kidneys, in 
vesico-ureteric reflux, in trauma and in the cerebral circu¬ 
lation 1 " 81 . 

Transabdominal ultrasonography with CEUS in 
the pancreas has probably near the same potential, and 
has in some few centers been established in diagnostic 
routine 114 ' 311 . The most common application is to define 
pancreatic lesions, in most cases already known lesions, 
previously seen on CT/MRI or seen in the initial US 
examination. Several studies show that transabdomi¬ 
nal CEUS can be used to differentiate malignancy and 
Cpl 32 ’ 31 'l. The time window in a pancreatic CEUS exami¬ 
nation is notably shorter than in the well-known liver 
CEUS study. This is due to the entirely arterial blood 
supply of the pancreas. The enhancement of the pan¬ 
creas begins almost simultaneously with the aortic en¬ 


hancement and reaches its peak between 15 and 20 s after 
injection of the ultrasound contrast agent. After a notice¬ 
able parenchymal enhancement in the arterial early phase, 
there is a washout of contrast medium with gradual loss 
of echogenicity during the late phase for approximately 
120 s [36 ' 37] . 

New technologies may be able to discriminate be¬ 
tween normal pancreatic perfusion and pathological in 
parenchymal pancreatic diseases or different tumor perfu¬ 
sion patterns that can be visualized using the small micro¬ 
bubbles of ultrasound contrast agents 1381 . Time-intensity 
curves expressing arrival time of the microbubbles, time 
to peak or other parameters have so far not been able 
to show significant difference in focal masses in patients 
with CP and carcinomas 1 ’ 41 . The first generation analyz¬ 
ing software did not incorporate motion correction and 
that can be one of the reasons for the insensitivity of this 
method, since the pancreas moves in both planes, thereby 
moving the region of interest out of plane. New ver¬ 
sions of more sophisticated analyzing software are under 
development. Figure 3 shows an example of a CEUS ex¬ 
amination of the pancreas with a motion tracked area of 
interest. 

In the near future, microbubbles may be an impor¬ 
tant part of the therapeutic armaments 1 ’' 1 . Studies have 
been undertaken to investigate the ability and efficacy of 
sonoporation in a clinical setting to increase the overall 
survival in patients with pancreatic adenocarcinoma. In 
a pilot study, numbers of treatment cycles with gem- 
citabine were increased from an average of 9 to 16 cycles. 
In two out of five patients treated, the maximum tumor 
diameter was temporally decreased to 80% ± 5% and 
permanently to 70% + 5% of their original size, whilst 
the other patients showed reduced growth. This study 
demonstrated that it is possible to combine ultrasound, 
microbubbles, and chemotherapy in a clinical setting pro¬ 
longing the quality of life in patients with pancreatic ad¬ 
enocarcinoma when comparing to chemotherapy alone. 
Figure 4 shows an experimental microbubble sonopora- 
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Figure 4 Ultrasound targeted treatment of pancreatic cancer using com¬ 
bined microbubbles and a chemotherapeutic. Left: B-mode frame. Right: 
The main tumor with spicules, clearly demarked, using the sonoporation set¬ 
tings. Tu: Tumor; Ao: Aorta. 



Figure 5 Endoscopic ultrasound with elastography of chronic pancreati¬ 
tis. Endoscopic ultrasonography B-mode sonogram (right) and an elastogram 
superimposed a sonogram (left). In this image of the pancreatic head, hyper- 
echoic foci and strands are seen in the parenchyma, as well as inhomogeneous 
echogenecity, which are signs of chronic pancreatitis. The elastogram shows 
predominantly a blue, indicating harder tissue, and green representing interme¬ 
diate hardness in a honeycomb pattern over the pancreatic tissue. 


tion therapy setup targeting a pancreatic adenocarcinoma, 
using a clinical ultrasound scanner 1311 . 


ENDOSCOPIC ULTRASONOGRAPHY IN 
THE WORKUP OF CP 

Even if transcutaneous US may image the pancreas in 
many cases, the limitations of obesity, reverberations and 
bowel gas may not always be eliminated. EUS has the 
advantage over trans-cutaneous US examinations that 
the US probe can be placed close to the organ of inter¬ 
est allowing the use of high frequency ultrasound (5-12.5 
MHz). This may allow the imaging of small alterations 
in the pancreatic duct and parenchyma. The findings 
are usually grouped as ductal changes or parenchymal 
changes. The classic features include: ductal calcifications, 
hyperechoic duct walls, duct-caliber dilatation, visible side 
ducts. Parenchymal changes include: lobulation with or 
without honeycombing, parenchymal hyperecohic areas 
with or without shadowing, echogenic strands and cysts. 


The problem is that some of these features also are found 
in healthy subjects, and increasing with age. A study com¬ 
pared EUS and an endoscopic pancreatic function test 
(ePFT) sampling the peak bicarbonate concentration af¬ 
ter secretin stimulation. EUS showed a good correlation 
with fibrosis. The sensitivity of EUS and ePFT had simi¬ 
lar sensitivity for diagnosing CP (0.84%-0.86%), but EUS 
was more specific (100% vs 67%). By combining the two 
methods, however, the sensitivity reached 100% [4nl . The 
Rosemont classification is a set of EUS-based criteria for 
the diagnosis of CP. These criteria are based on detailed 
evaluation on pancreatic parenchymal and ducts. Both 
parenchymal and ductal features are divided in major and 
minor criteria 1411 . Major criteria for CP are; hyperechoic 
foci with shadowing, lobularity with honeycombing and 
MPD calculi. Minor criteria for CP; cysts, dilated ducts 
-S 3.5 mm, irregular pancreatic duct contour, dilated 
side branches 5= 1 mm, hyperechoic duct wall, strands, 
non shadowing hyperechoic foci, and lobularity with 
noncontiguous lobules. The Rosemont criteria, using a 
combination of major and/or minor criteria, categorize 
the patient into four groups: consistent, suggestive, inde¬ 
terminate of CP or normal. 


NEW IMAGING METHODS FOR EUS IN 
CP-EUS ELASTOGRAPHY_ 

Elasticity imaging of pancreatic tissue may help the exam¬ 
iner distinguish between harder and softer tissue. Elastic¬ 
ity imaging is currently an option in ultrasonography. Two 
main methodologies are commercially available. Strain 
imaging provides a qualitative strain map, frequently in a 
colored pattern superimposed on a B-mode echogram, 
visualizing the local strain as a result of endogeneous 
movements or by an acoustic pulse. Alternatively, a shear 
wave method is used, providing quantitative elasticity in¬ 
formation based on the travelling speed of shear waves. 
The energy for these shear waves is deposited in the tis¬ 
sue by an acoustic pulse. In some systems both deforma¬ 
tion based images and local shear-wave quantification are 
combined. 

Up to now, only strain based imaging systems have 
been available in combination with flexible echo-endo- 
scopes. In Figure 5 an EUS image of a pancreas with CP 
is imaged with Real-Time Elastography. In Figure 6 a re¬ 
active hilar lymph node in a patient with CP is imaged as 
green in the strain map indicating intermediate hardness. 

Several studies including two meta-analyses con¬ 
clude that EUS elastography may help characterize fo¬ 
cal pancreatic lesions as benign or malignant based on 
their imaged strain with an high accuracy 14 "* 4 'l In CP, the 
pathology is sometimes more diffusely distributed, and 
tissue hardness may not be limited to hypoechoic areas. 
Fibrosis and calcifications, if present, also increase tissue 
hardness in addition to local edema. In a transcutane¬ 
ous shear wave study of acute pancreatitis Mateen et a/ 421 
found that pancreatic tissue undergoes a cycle of increas¬ 
ing tissue hardness, resulting in low strain, in the acute 
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Figure 6 Endoscopic ultrasonography B-mode sonogram and elastogram 
of lymph node in chronic pancreatitis. The sonogram (right) shows a lymph 
node as a hypoechoic oval shape surrounded by more echogenic tissue in the 
liver hilum. This lymph node approximately 18 mm « 10 mm, appeared in the 
liver hilum of a patient with chronic pancreatitis. On the left, the lymph node is not 
harder than the surrounding tissue as the predominant color hue is green. This 
finding is frequent in reactive lymph nodes, and may be a sign of benign etiology. 


Figure 7 Advanced chronic pancreatitis. Classical signs in advanced chronic 
pancreatitis: main pancreatic duct dilatation in an atrophic organ with sharp, ir¬ 
regular contours, calcifications and small cysts. The pancreatic head is outlined. 

dicated. However, visualization of the whole gland can 
be a problem in very obese patients. 


phase of inflammation which subsequently turned softer 
as the inflammatory reaction resolved. In a study on focal 
pancreatic lesions we found that hypoechoic lesions that 
turned out to be inflammatory in origin were significantly 
softer than the malignant lesions. However, these lesions 
were imaged at a median of 8 mo after the last inflamma¬ 
tory attack (range: 1.2-12 mo). It is our experience that 
inflammatory lesions in the pancreas may present with a 
wide range of tissue strain. If a high-strain area (indicating 
soft tissue) is found, corresponding to a hypoechoic area 
in a sonogram, the chance of finding malignancy is how¬ 
ever low (abstract Havre, UEGW 2011). 


INFLAMMATORY DISEASES OF THE 
PANCREAS 

In the following morphological and sonographic char¬ 
acteristics of pancreatic diseases with emphasis on CP 
will be outlined. Pancreatic neoplasms are also shortly 
described as an important differential diagnosis. 

Acute pancreatitis 

Acute pancreatitis is an acute inflammatory process that 
may include interstitial edema, necrosis, hemorrhage of 
pancreatic tissue and fluid collections, depending on the 
severity of the inflammation. The changes can be focal 
enlargement or diffuse, depending on its distribution and 
sometimes difficult to differentiate, especially when acute 
pancreatitis occurs in a patient with CP. Furthermore, 
focal pancreatitis often occurs in the pancreatic head, as 
a hypoechoic mass and not easily distinguishable from a 
tumor or changes seen in CP. The introduction of CEUS 
and its ability to differentiate between avascular necrotic 
tissue, cysts, abscesses and normal or hypervascular in¬ 
flamed tissue equates US with CT [451 . CEUS has bedside 
availability, better cost effectiveness and can also be used 
in those patients where CT contrast agents are contrain- 


Chronic pancreatitis 

Classical diagnostic findings of CP in transabdominal 
ultrasonography reflects the spectrum of pancreatic dis¬ 
orders in CP. Ranging from progressive and irreversible 
morphological and functional derangement, inflamma¬ 
tory episodes and obstruction of structures adjacent to 
the pancreas 1461 . 

Late stage, severe CP is normally easily recognizable 
due to characteristic morphological changes. The pres¬ 
ences of pancreatic or intraductal calcifications presented 
as hyperechoic foci are pathognomonic 1471 . Caliber abnor¬ 
malities such as a dilated and irregular pancreatic duct is 
seen with a sensitivity of approximately 70% 1481 . The re¬ 
ported sensitivity is probably due to limited duct changes 
in early/mild and moderate CP, where the pancreatic 
duct is less than 3 mm in diameter 14 ’ 1 . Pseudocysts may 
cause benign duct obstruction (stricture) and dilatation 
upstream 15 " 1 . Solid or cystic lesions and malignant infiltra¬ 
tion, especially if contiguous to the main duct, may also 
cause duct compression, with progressive development 
of obstructive CP upstream. A small atrophic gland with 
focal alterations and parenchymal heterogeneity is eas¬ 
ily identified in advanced stages. Figures 7 (B-mode US) 
and 8 (CEUS image of the pancreas in the early arterial 
phase) shows typical morphological changes in advanced 
CP. 

In moderate to severe CP, the pancreatic gland echo 
texture is inhomogeneous and rough due to coexistence 
of fibrotic hyperechoic and hypoechoic focal inflam¬ 
mation signs 149,51 ’ 521 . These findings are reported to be 
observed in approximately 70% of the cases, already in 
the late eighties 148,53,541 . Echogenicity of the pancreas is 
usually increased in CP due to fibrosis and fatty infiltra¬ 
tion. This is not a specific parameter due to presence of 
adipose tissue in elderly and obese patients 11 "’ 5 ' 1 . Increased 
echogenicity of duct wall can also be detected 1 '" 1 . Figure 9 
show an example of elastography in moderate CP. 

Early stage CP is normally without or with minimal 
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Figure 8 An example of contrast enhanced ultrasound in 
advanced chronic pancreatitis. The parenchymal enhancement 
is clearly irregular reflecting the parenchymal heterogeneity, calcifi¬ 
cations and focal inflammation. 



Figure 9 Elastography of the pancreas in moderate chronic 
pancreatitis. The colors show tissue hardness; The scale on the 
left defines the color code: Blue is hard, red is soft, yellow and 
green are intermediate. The elastogram shows predominantly soft 
(red) tissue with parts of green and yellow, indicating harder pan¬ 
creatic tissue. 



Figure 10 Early chronic pancreatitis. Typical signs in early chronic pancre¬ 
atitis: lobularity (L), stranding (S), hyperechoic foci (H) and honeycombing (Ho). 
Pancreatic body (Corpus). This subtle changes are usually only seen in endo¬ 
scopic ultrasonography. 


morphological changes, where imaging modality falls 
short in diagnosing CP. Late stages signs like calcifica¬ 
tions or dilated and irregular main pancreatic duct are di¬ 
agnostic for CP, but can also be absent in severe exocrine 
insufficiency, depending on the type of CP [55,5f>I . 

Cambridge classification of endoscopic retrograde 
pancreatography (ERP), US and CT imaging, grades the 
severity of CP, based on pancreatic structural changes 
and abnormalities of the main duct and side branches 1521 . 
The sensitivity in diagnosing and grading the severity 
of CP with ultrasound alone, compared to the morpho¬ 
logical gold standard ERP, rose to over 80% in the late 
eighties 15 ’ 1 . With the development of endosonographic 



Figure 11 Autoimmune pancreatitis. Enlarged pancreas with a tumorous 
formation in the head. The inflammatory lesion is isoechoic to the rest of the 
pancreas but still clearly visible. 


ultrasound, subtle early changes in the pancreatic echo- 
structure could be visualized, and a new gold standard, 
based on morphological criteria correlating with patho¬ 
logic features emerged 157,581 . Current transabdominal high- 
end ultrasound scanners can visualize some of these 
criteria, although the Rosemont classification is only for 
EUS images. Figure 10 shows minimal morphological 
changes in a patient with early CP, obtained by transab¬ 
dominal US. Forthcoming studies comparing transab¬ 
dominal ultrasonography findings with EUS criteria seem 
to be a logical step forward. 

Pancreatic functional tests are still the only option 
to diagnose an early pancreatitis without morphological 
changes but with physiological insufficiency. Today, the 
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Figure 12 Malignant tumor of the pancreatic body: Ductal adenocarcinoma. The tumor is clearly visible on B-mode, left upper image. Contrast enhanced ultra¬ 
sonography: The characteristics are hypoechogenicity and diffuse contours. The plastic biliary stents are clearly noticeable on B-mode, right upper image. Cho: Biliary 
duct (ductus choledochus); Tu: Tumor; CEUS: Contrast-enhanced ultrasonography. 


short endoscopic secretin-based, pancreas function test 
is reasonably validated and the best available test 159,601 . 
This test can be combined with bedside US, to detect 
any morphological changes of the pancreas. Using this 
combined method we observed that the MPD wall had 
an increased echogenicity, i.e., hyperechoic duct wall and 
changes in the diameter, short after secretin was given. 
Data not yet published. 

Autoimmune pancreatitis 

Autoimmune pancreatitis is a benign form with autoim¬ 
mune pathogenesis and a remarkable response to steroid 
therapy. From an imaging point of view, there are three 
(focal, diffuse, and combined) types of autoimmune 
pancreatitis where, especially the focal type can be mis¬ 
interpreted as cancer 161,62 '. Figure 11 shows an enlarged 
pancreas with a round tumorous formation, without cysts 
and calcification. On CEUS the affected tissue is hy- 
peremic and shows an increased contrast-enhancement, 
whereas pancreatic cancer lesions are typically hypervas- 
cularized' 6 ’ 1 . The patient avoided excessive abdominal 
surgery and was successfully treated with corticosteroids. 

Pseudocyst 

Pseudocysts can arise as a complication of acute pan¬ 
creatitis and also often occur in CP. These cysts are well- 
defined, fibrous-walled anechoic structures without an 
epithelial lining. Pseudocysts are normally easily differen¬ 
tiated from pancreatic cystic tumors, where especially the 


premalignant and malignant forms should be identified. 
CEUS can classify cystic tumor’s or solid nodules through 
evaluation of the vascularization pattern or absence of 
vessels in pseudocysts 1 ’ 61 . 

Pancreatic solid neoplasm 

Differentiation between mass-forming lesions in CP and 
adenocarcinomas of the pancreas are a daily challenge. 
The ultrasonographic findings are similar with homo¬ 
geneous or inhomogeneous poorly defined hypoechoic 
mass in both cases' 641 . After the initial detection by ultra¬ 
sound, the subsequent use of CEUS, with its possibility 
to visualize the vascular pattern will improve the diagnos¬ 
tic accuracy of the lesion type. A ductal adenocarcinoma 
is typically hypoechoic in arterial phase without clear- 
cut margins, with optional central necrotic parts. On 
the contrary, CP has usually more vascularity, with the 
same enhancement patter as the surrounding pancreatic 
parenchyma' 31,65 ’ 66 '. Figure 12 shows a large hypervascular- 
ized mass with marked dilatation of the main bile duct. 
However, in advanced CP, due to fibrosis, inhomogenous 
hypervascularization can be present, making the differen¬ 
tial diagnosis very difficult'”' 6 '. Differences in vascularity 
seen on CEUS, often correlate well with histology. Taking 
in account the higher temporal and spatial resolution of 
ultrasound into account makes CEUS equal or even su¬ 
perior to CT'” ’ 4 ’ 8 '. The relationship with the surrounding 
arterial and venous vessels, the presence of thrombosis 
of the portal or splenic vein are used for local staging and 
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assessment of tumor resectability. The presence of liver 
metastases can also be evaluated during the late phase of 
the CEUS scanning procedure. 


CONCLUSION 

Today’s modern high end ultrasound scanners are still the 
first line modality in abdominal and pancreatic imaging. 
Ultrasonography is highly available, relative cheap and 
can be repeated on a daily basis, if needed. Ultrasound 
technology is developing towards smaller and really mo¬ 
bile scanners, implying that ultrasonography can be pres¬ 
ent in the pockets of the doctors supporting the clinical 
examination. With the rapid technical development, dif¬ 
ferent modalities and methods, which demands computer 
processed images can be combined. This means highly 
improved image quality and diagnostic accuracy. Under 
good scanning conditions, ultrasonography has higher 
spatial resolution than CT or MRI. Furthermore, CEUS 
with its ability to show macro- and micro vascularity is 
also used as a second line modality to clarify small lesions, 
previously detected on CT or MRI. 

Regarding transabdominal ultrasound of the pancre¬ 
as, we predict that the resolution and thereby the ability 
to detect small morphological changes will be approach¬ 
ing the performance of EUS. Elastography in pancreatic 
imaging is now well known in EUS and studies’ regarding 
the usefulness of this method in transabdominal ultra¬ 
sonography is warranted. The ability of CEUS to visual¬ 
ize and quantify perfusion and thereby to characterize a 
given lesion or to differentiate between vascular (solid) 
and avascular (liquid/necrotic) components of the lesion 
is one of the most important progresses in pancreatic 
imaging today. Furthermore, the development of three- 
dimensional technology offers new clinical possibilities 
for real-time 3D volume images of the pancreas in the 
future. 
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Abstract 

Pancreatic exocrine insufficiency is an important cause 
of maldigestion and a major complication in chronic 
pancreatitis. Normal digestion requires adequate stimu¬ 
lation of pancreatic secretion, sufficient production of di¬ 
gestive enzymes by pancreatic acinar cells, a pancreatic 
duct system without significant outflow obstruction and 
adequate mixing of the pancreatic juice with ingested 
food. Failure in any of these steps may result in pancre¬ 
atic exocrine insufficiency, which leads to steatorrhea, 
weight loss and malnutrition-related complications, such 
as osteoporosis. Methods evaluating digestion, such as 
fecal fat quantification and the 13 C-mixed triglycerides 
test, are the most accurate tests for pancreatic exocrine 
insufficiency, but the probability of the diagnosis can 
also be estimated based on symptoms, signs of malnu¬ 
trition in blood tests, fecal elastase 1 levels and signs of 
morphologically severe chronic pancreatitis on imaging. 
Treatment for pancreatic exocrine insufficiency includes 
support to stop smoking and alcohol consumption, di¬ 
etary consultation, enzyme replacement therapy and a 
structured follow-up of nutritional status and the effect 
of treatment. Pancreatic enzyme replacement therapy 
is administered in the form of enteric-coated minimicro¬ 


spheres during meals. The dose should be in proportion 
to the fat content of the meal, usually 40-50000 lipase 
units per main meal, and half the dose is required for a 
snack. In cases that do not respond to initial treatment, 
the doses can be doubled, and proton inhibitors can be 
added to the treatment. This review focuses on current 
concepts of the diagnosis and treatment of pancreatic 
exocrine insufficiency. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved. 

Key words: Chronic pancreatitis; Pancreatic exocrine in¬ 
sufficiency; Pancreatic enzyme replacement therapy 


Core tip: This is a review on the diagnosis and treat¬ 
ment of pancreatic exocrine insufficiency. The review 
includes a discussion of the definition of pancreatic 
exocrine insufficiency, a pragmatic approach to its 
diagnosis and current concepts of indications for treat¬ 
ment with pancreatic enzyme replacement therapy, 
including measures to optimize the effect. 
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INTRODUCTION 

Pancreatic exocrine insufficiency (PEI) can be defined as 
a reduction in pancreatic enzyme activity in the intestinal 
lumen to a level that is below the threshold required to 
maintain normal digestion. This concept is crucial for 
the understanding of PEI and has several important 
consequences for the diagnosis and treatment of this 
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Obstruction of the main 
pancreatic duct by a tumor 


Impaired hormonal stimulation 
from the intestine due to 
untreated celiac disease 


Impaired mixing 
of food and 
pancreatic juice 


Chronic Cystic 

pancreatitis fibrosis 


Figure 1 Different causes of pancreatic 
exocrine insufficiency. 


condition. First, pancreatic exocrine secretion can be sig¬ 
nificantly reduced without PEI being present. In a land¬ 
mark paper four decades ago, DiMagno et aF demon¬ 
strated that steatorrhea does not occur until pancreatic 
lipase output is reduced to 5%-10% of normal output. 
Hence, the demonstration of moderately reduced bicar¬ 
bonate or enzyme output in sensitive tests of pancreatic 
secretion, such as the secretin/cholecystokinin-stimu- 
lation test, is a reliable indicator of chronic pancreatitis 
(CP) but does not necessarily indicate PEI. Second, any 
pathology, including extrapancreatic conditions, that 
interrupt the chain of events required for the normal di¬ 
gestion of ingested food by pancreatic digestive enzymes 
may cause PEI. Thus, “pancreatic exocrine insufficiency” 
is a denomination that, from a semantic point of view, is 
too narrow for this condition; “pancreatic maldigestion” 
could be an alternative and probably more correct term. 
Diseases of the pancreatic parenchyma, such as CP, cys¬ 
tic fibrosis and status post necrotizing acute pancreatitis, 
are the most common causes of PEI. However, PEI 
may also be caused by obstruction of the pancreatic duct 
system due to a tumor or a stricture, by reduced stimula¬ 
tory capacity in the intestine secondary to untreated celi¬ 
ac disease 1 ” 1 or Crohn’s disease, by increased intraluminal 
inactivation of pancreatic enzymes in Zollinger-Ellison 
syndrome 1 ’ 1 or by impaired mixing of ingested food and 
the pancreatic juice after upper gastrointestinal surgery 141 
(Figure 1). 

The pancreatic juice plays a pivotal role in the diges¬ 
tion and absorption of nutrients 151 . Pancreatic enzyme 
secretion is stimulated during the cephalic 161 and gastric 171 
phases to a certain degree, but the most important stim¬ 
ulation occurs during the intestinal phase, when chyme 
enters the duodenum. The presence of fatty acids, amino 
acids and gastric acid in the duodenum is the most po¬ 
tent stimulator of exocrine pancreatic secretion 181 . Vagal 
and neural reflexes stimulate pancreatic secretion during 
the cephalic and gastric phases 16 ' l During the intestinal 
phase, cells in the duodenal mucosa release CCK, which 
stimulates the secretion of pancreatic enzymes from 
acinar cells 1 ’ 1 , and secretin, which elicits water and bicar- 
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bonate secretion from ductal cells 1 " 1 ' 111 . 

The pancreatic juice consists of bicarbonate and wa¬ 
ter secreted by ductal cells and several enzymes, secreted 
by acinar cells, with the specific capacity to digest pro¬ 
teins, carbohydrates and fat. In situations with reduced 
exocrine pancreatic function, the ability to digest fat is 
the determining factor that causes the most important 
symptoms and clinical complications because lipase, the 
major lipolytic enzyme of the pancreatic juice, is the 
pancreatic digestive enzyme with the poorest stability in 
the gastrointestinal lumen. The destruction of lipase is 
even more rapid when the pH is below 4, which is often 
the situation in CP, in which the buffering of gastric acid 
is insufficient due to low bicarbonate excretion by the 
pancreas 1 *” 1 . Furthermore, there is minimal extrapancre¬ 
atic lipolytic enzyme production, as opposed to the ex¬ 
trapancreatic capacity to digest carbohydrates provided 
by salivary amylase and intestinal oligosaccharidoses or 
the proteolytic capacity provided by gastric pepsinogen. 

PEI is one of the major complications in CP and 
should be considered in all CP patients. The prevalence 
of PEI in CP increases with disease duration, and ap¬ 
proximately half of patients will have developed PEI 
by 12 years after disease onset 1 "’ 1 . There are no reliable 
estimates of the prevalence of PEI in the general popu¬ 
lation. 

Patients with untreated PEI not only suffer from 
impaired quality of life due to steatorrhea, weight loss, 
abdominal discomfort and other PEI-related symp¬ 
toms but are also highly likely to develop deficiencies 
of micronutrients and lipid-soluble vitamins 1141 . These 
deficiencies in turn place patients at risk of malnutrition- 
related complications, such as osteoporosis 1 " 5 ’ 161 . Hence, 
an early and accurate diagnosis of PEI is of high clinical 
importance. 


DIAGNOSIS OF PANCREATIC EXOCRINE 
INSUFFICIENCY 

The gold standard for the diagnosis of PEI is three-day 
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fecal fat quantification and determination of the coef¬ 
ficient of fat absorption 11 A major drawback of fecal 
fat quantification is that the test is cumbersome and un¬ 
pleasant for both the patient and laboratory personnel. 
The patient is required to keep a strict diet, with 100 g 
of fat per day for five days, and to collect the complete 
volume of feces for three days. Laboratory personnel 
need to handle large volumes of feces. Therefore, this 
test is very rarely performed in daily clinical practice 
and is only available at few specialized centers. Several 
alternative methods for the diagnosis of PEI have been 
proposed. 

Diagnosis based on symptoms, blood tests and imaging 

Symptoms in patients with PEI vary, depending on the 
degree and etiology of PEI. The classical clinical picture 
is a patient presenting with foul-smelling, loose stools, 
weight loss, muscle wasting; and flatulence. Advanced 
tests of pancreatic exocrine function can usually be 
avoided in patients with a well-established CP diagnosis 
based on morphological findings and a clear clinical pic¬ 
ture of PEI. A trial of pancreatic enzyme replacement 
therapy (PERT) based only on the clinical picture is rec¬ 
ommended by several national societies when the clinical 
presentation is strongly suggestive of PEI 116 ’ 111 . However, 
only relying on symptoms may lead to both the over- 
and under-diagnosis of PEI. Diarrhea and weight loss 
may be due to conditions other than PEI, and PEI can 
also be present in the absence of overt steatorrhea. 

In addition to explaining and treating clinical symp¬ 
toms, the second rationale for the early diagnosis of PEI 
is to prevent complications of malnutrition. It is reason¬ 
able to assume that such malnutrition-related compli¬ 
cations will be preceded by deficiencies of macro- or 
micronutrients detectable by routine blood tests. Hence, 
from a theoretical point of view, serum nutritional mark¬ 
ers could be used to support the diagnosis of PEI. De¬ 
ficiencies of several nutrients in blood tests have been 
demonstrated in CP, including apolipoproteins 1 ""'" 11 , total 
cholesterol 1 "” 1 , magnesium 1 51 , lipid-soluble vitamins 124 261 , 
retinol-binding protein 1 ” 61 , calcium, zinc and selenium 1251 , 
but the majority of these studies have not taken the 
exocrine function status of patients into consideration. 
Studies investigating the association between nutritional 
markers and PEI in CP patients have demonstrated that 
deficiencies of lipid-soluble vitamins are associated with 
an increased probability of PEI [15 ’” 61 , as opposed to B12 
and folate levels, which are not associated with PEI 114 ’" 1 . 
The possibility of diagnosing PEI based on nutritional 
markers in the blood was recently studied in a cohort of 
114 patients with CP, of whom 38 suffered from PEI 1141 . 
Hemoglobin, albumin, prealbumin and retinol-binding 
protein levels below the lower limit of normal magne¬ 
sium levels below 2.05 mg/dL; and HbAlC levels above 
the upper limit of normal were all significantly associ¬ 
ated with PEI. No PEI patient in this study presented 
with normal values for all of these parameters. The cen¬ 
tral conclusion that can be drawn from this study is that 


a normal panel of serum nutritional markers can exclude 
PEI with a high negative predictive value. 

The probability of PEI in CP can also be estimated 
based on pancreatic imaging findings in the absence of 
more advanced tests of pancreatic function 1 " 61 . Notably, 
ductal changes on endoscopic retrograde pancreatogra¬ 
phy, computerized tomography (CT) 1 ” 91 and endoscopic 
ultrasound (EUS) have been associated with decreased 
exocrine pancreatic function. The diagnosis of CP by 
EUS is based on the demonstration of several differ¬ 
ent parenchymal (hyperechoic foci, hyperechoic strands, 
parenchymal lobularity and cysts) and ductal (pancreatic 
duct dilatation, irregular pancreatic duct contour, hyper¬ 
echoic pancreatic duct margin, dilated side branches and 
intraductal calcifications) abnormalities defined in the 
Rosemont classification 15 " 1 . A recent study demonstrated 
a clear correlation between the number of EUS criteria 
met and the probability of PEI. Calcifications and main 
pancreatic duct dilatation were independently associated 
with PEI in a multivariate analysis, and the probability 
of PEI was > 80% if these features were present 1 ”" 1 . 

Fecal elastase 1 

Pancreatic elastase 1 is an enzyme of the pancreatic 
juice that is highly stable during passage through the 
gastrointestinal tract 1 ’ 11 . The concentration of elastase 1 
can be measured in feces using a simple enzyme-linked 
immunosorbent assay [fecal elastase 1 (FE-1)] on a spot 
fecal sample 1 ’”' 551 . FE-1 levels have been demonstrated to 
correlate with more sensitive tests of pancreatic secre¬ 
tion, such as the secretin test 15 ” ’ 41 . Low FE-1 levels have 
also been demonstrated to correlate with morphological 
tests for CP, such as endoscopic retrograde pancrea¬ 
tography 15 ’ 1 and magnetic resonance cholangiopancrea¬ 
tography 1 ’ 61 . However, as opposed to the relatively large 
number of studies evaluating FE-1 assessment as a test 
for the diagnosis of CP, studies evaluating the role of 
FE-1 testing in the detection of PEI in CP are scarce. 
Recently, Benini et aF 7] investigated FE-1 and fecal fat in 
patients with CP or pancreatic resection. Three impor¬ 
tant conclusions can be drawn from this study. First, an 
FE-1 concentration of < 15 pg/g feces detects PEI with 
high sensitivity and specificity in patients with CP with¬ 
out prior pancreatic surgery. Second, intermediate FE-1 
values (15-200 pg/g feces) are more difficult to interpret 
and likely warrant testing with more sensitive methods. 
Third, FE-1 assessment is not a reliable test for PEI in 
patients post-pancreatic resection. The fecal fat concen¬ 
tration was consistently higher in relation to FE-1 levels 
in operated compared with non-operated cases 1 ’ 571 . This 
finding was not unexpected; inadequate mixing of food 
with the pancreatic juice and other factors not related to 
pancreatic secretory capacity are likely to contribute to 
the pathogenesis of PEI after pancreatic resections. 

13 C-mixed triglycerides breath test 

The 15 C-mixed triglycerides ( 15 C-MTG) breath test was 
introduced by Vantrappen et aP a \ The test directly mea- 


K 

T-**- 

Jgflishideng 1 


WJG | www.wjgnet.com 


7260 


November 14, 2013 | Volume 19 | Issue 42 | 


Lindkvist B. Pancreatic exocrine insufficiency 



Figure 2 Evaluation of the probability of pancreatic exocrine insufficiency 
in the absence of advanced tests for maldigestion, such as fecal fat 
quantification and the 13 C-mixed triglycerides breath test. PEI: Pancreatic 
exocrine insufficiency; MPD: Main pancreatic duct. 

sures the clinically most relevant end-effect of exocrine 
pancreatic function: the degradation of triglycerides. 
This makes this test preferable to tests that measure 
exocrine pancreatic secretion, such as the secretin test 
and the FE-1 assay. For the L ’C-MTG test, the patient 
ingests a small amount of '’C-marked triglycerides 
(2-octanoyl (1- 13 C)-1,3 distearoyl glycerol), together 
with butter on a piece of toasted bread, after an over¬ 
night fast. In the presence of normal lipase activity, 13 C- 
triglycerides will be degraded in the intestinal lumen, 
and 13 C-marked fatty acids will then be absorbed. These 
fatty acids will in turn be metabolized in the liver, and 
1 CO 2 can finally be measured in exhaled air. Subjects 
with PEI have decreased lipase activity, which can be 
detected as a decreased recovery of ’’CCh in exhaled air. 
Currently, there is no general agreement on the optimal 
design of the test and several different protocols have 
been proposed 1 ’’" 431 . The protocol developed by Domin- 
guez-Munoz et a/ AA] has been adopted by several groups, 
including our institution, and this protocol is described 
in Table l 144 '. Values below 29% are considered as 
pathological, and the test detects fat maldigestion with a 
sensitivity of > 90% [401 . 

Test based on analysis of pancreatic juice after secretin/ 
cerulein stimulation 

Exocrine pancreatic function can be measured by so- 
called direct pancreatic function tests. In these tests, 
pancreatic secretion is stimulated by secretin and/or 
cerulein 14 ’ 1 or by the ingestion of a standard test meal 1461 . 
After stimulation, samples of the pancreatic juice are 
aspirated from a tube that has been placed in the duo¬ 
denum, and the concentrations of pancreatic digestive 
enzymes and bicarbonate are measured. A peak bicar¬ 
bonate concentration in pancreatic secretion significantly 


below normal values (a cut-off value of 80 mEq has 
been advocated by most authorities) in the secretin test 
has long been considered as the most sensitive test for 
early CP. A drawback of the direct function tests is that 
they require the placement of a large-bore tube in the 
duodenum during the complete duration of the test, 
which is poorly tolerated by patients. It is also important 
to keep in mind that a mild reduction in pancreatic exo¬ 
crine function, occasionally called “exocrine pancreatic 
dysfunction” or “mild pancreatic exocrine insufficiency”, 
is not equivalent to clinically significant PEI. PEI, based 
on its definition, is a reduction in exocrine pancreatic 
function to a level that results in maldigestion. Since 
the introduction of highly sensitive pancreatic imaging 
methods, such as MRI, modern CT and endoscopic ul¬ 
trasound, the need to rely on pancreatic function testing 
for the diagnosis of CP has diminished, and most cen¬ 
ters have abandoned the classic secretin test. 

Recently, an endoscopic direct pancreatic function 
test was developed, with a simplified protocol for pan¬ 
creatic fluid collection through an endoscope. A good 
correlation between the endoscopic pancreatic function 
test and standard direct tests has been demonstrated 14,4S1 . 
Exocrine pancreatic secretion can also be evaluated 
based on the degree of duodenal filling on MRI after 
secretin stimulation, which has been demonstrated to 
correlate with a combination of the FE-1 assay, the 13 C- 
MTG breath test and fecal fat testing 1411 and the endo¬ 
scopic pancreatic function test 15 " 1 . Further studies are 
needed to evaluate the role of the endoscopic function 
test and secretin-enhanced MRI in the diagnosis of PEI. 
It should be noted that all tests of pancreatic secretion 
share the drawback of ignoring other factors that may 
alter the effect of pancreatic enzymes in the intestine. 
Thus, tests of pancreatic secretion are irrelevant in situ¬ 
ations in which factors other than the secretory capacity 
of the pancreas may contribute to PEI. 

Integrated use of methods to diagnose PEI 

The optimal test for the diagnosis of PEI is a test that 
can detect the maldigestion of fat with high sensitivity 
and specificity. Fecal fat quantification and the 13 C-MTG 
breath test are recommended for the accurate diagnosis 
of PEI because these two tests best fit this description. 
However, due to the limited availability of these tests 
and the odious nature of fecal fat quantification, there 
is a need for a simplified way to estimate the probability 
of PEI based on generally available clinical parameters. 
In Figure 2, a proposal for a diagnostic algorithm to 
estimate the probability of PEI based on routine blood 
tests, FE-1 assessment and standard imaging is present¬ 
ed. The algorithm is designed to have a high negative 
predictive value for PEI and integrates knowledge from 
recent studies 114 ' 25 "’'. However, it should be stressed that 
this algorithm provides only an estimation of the prob¬ 
ability of PEI and that the algorithm has not been scien¬ 
tifically validated. 
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Figure 3 Fundamental aspects in the care of patients with pancreatic 
exocrine insufficiency. PERT: Pancreatic enzyme replacement therapy; PPi: 
Proton pump inhibitors. 


TREATMENT OF PANCREATIC EXOCRINE 
INSUFFICIENCY 

Cornerstones in the treatment of PEI are PERT, sup¬ 
port to cease smoking and alcohol consumption, con¬ 
sultation with a dietitian and a systematic follow-up to 
assure optimal treatment effect (Figure 3). The goal of 
this treatment concept is to normalize digestion, alleviate 
PEI-related symptoms and prevent malnutrition-related 
morbidity and mortality and disease progression. 

Diet, smoking and drinking 

Historically, a low-fat diet has been recommended in 
PEI to reduce steatorrhea. This recommendation has 
been abandoned in modern dietary counseling in PEI 
due to the risk of aggravating PEI-related weight loss 
and deficiencies of lipid-soluble vitamins 118,511 . By optimi¬ 
zation of the PERT dose and supportive treatment with 
PPI, most PEI patients will tolerate a normal-fat diet. 
Dietary consultation should include advice for sufficient 
caloric intake and normal fat content. Small, frequent 
meals are usually better tolerated than large, high-caloric 
meals. Deficiencies of fat-soluble vitamins are very 
common in PEI patients, and vitamin supplementa¬ 
tion therapy should be given if necessary 1151 . Support 
for alcohol abstinence should be offered to all patients 
with alcohol-related CP. In addition to the general health 
benefits of alcohol withdrawal, this withdrawal has also 
been demonstrated to slow the further deterioration of 
pancreatic exocrine function 15- '. Smoking is a risk factor 
for pancreatic cancer, acute pancreatitis and CP [531 , and is 
also associated with an increased probability of reduced 
pancreatic exocrine function based on the endoscopic 
pancreatic function test in cases with CP 1541 . Continued 
smoking has been associated with earlier development 
of calcifications in patients with CP 1 ” 1 . Smoking cessa¬ 


tion should be encouraged in all patients with CP with 
or without PEI. 

Pancreatic enzyme replacement therapy 

Pancreatic digestive enzymes can be administered orally, 
together with meals, in patients with PEI to compensate 
for the lack of endogenous enzyme secretion. Modern 
pancreatic enzyme preparations are extracts from the 
porcine pancreas (pancrelipase) that are administered 
as enteric-coated minimicrospheres. Several different 
preparations are commercially available, with minor 
differences in particle size and pH-related release kinet¬ 
ics 1561 . PEI with steatorrhea and/or weight loss is an un¬ 
disputed indication for PERT. Several studies have dem¬ 
onstrated an improved coefficient of fat absorption 157 ' 601 , 
decreased maldigestion-related symptoms 157,59 ' 6 ' 1 and even 
improved quality of life 161,6-1 . The need for PERT in PEI 
without symptoms is a matter of debate, and random¬ 
ized clinical trials on this issue are lacking. Nevertheless, 
certain collateral evidence supports PERT, even in the 
absence of overt steatorrhea and weight loss: (1) A lon¬ 
gitudinal study in patients with CP demonstrated that 
patients with no clinical symptoms of steatorrhea but 
an abnormal steatocrit who did not receive PERT lost 
more weight than not only CP patients with a normal 
steatocrit but also patients with an abnormal steatocrit 
and symptoms of steatorrhea who were treated with 
PERT 16 ’ 1 ; (2) Laboratory signs of malnutrition have been 
demonstrated in a large proportion of patients with 
CP and asymptomatic steatorrhea who were not under 
treatment with PERT 1641 . The clinical relevance of such 
deficiencies has not been specifically investigated in CP 
and PEI, but an increased risk of complications that are 
generally associated with malnutrition can be assumed 1651 ; 
and (3) Based on observational studies in CP, it is well 
known that malnutrition-related diseases and findings, 
such as osteoporosis-related fractures 116 ’ 1 , decreased bone 
mineral density 115,66,671 and deficiencies of fat-soluble vita- 
mins , are common in CP. 

As evidence for nutritional deficiencies in patients 
with PEI with and without symptoms has increased 
in recent years, PERT is now increasingly regarded as 
a treatment for maldigestion rather than a way to sup¬ 
press diarrhea in patients with CP [651 . The goal of PERT 
is stated to be the elimination of maldigestion in the 
Australasian Pancreatic Club recommendations 1181 . Mean¬ 
while, the Spanish Pancreatic Club regards any clinical or 
nutritional deficiency in a CP patient as an indication for 
PERT 1681 , and the Italian Association for the Study of 
the Pancreas states in its guidelines that PEI is an indica¬ 
tion for PERT 1191 . 

The safety and efficacy of PERT for the treatment 
of PEI in CP has been investigated in four randomized, 
double-blinded, placebo-controlled clinical trials includ¬ 
ing up to 72 patients over study periods of 1-2 wk [57 ' st>1 . 
Significant improvements in the coefficient of fat ab¬ 
sorption 1 " 6ni , the coefficient of nitrogen absorption 158 ' 601 , 
stool fat content 161 ’ 1 and stool weight 16 " 1 have been docu- 
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Table 1 The l3 C-mixed triglycerides breath test according to Dominguez-Munoz ec <?/ 441 


The patient fasts from midnight 

Twenty minutes before the test, 10 mg of metoclopramide is ingested 
A baseline breath sample is taken 

At time 0, 250 mg of 13 C-mixed triglycerides mixed with 16 g of fat on a piece of toasted bread is ingested, together with a glass (200 mL) of water 
Breath samples are taken every 15 (or 30) min for 6 h 

Finally, 13 C02/ 12 C02 is measured in collected breath samples by mass spectrometry or isotope-selective nondispersive infrared spectrometry 


Table 2 Pancreatic enzyme replacement therapy: How we do it 


PERT is started at 50000 lipase units per main meal and 25000 lipase units per snack 

The basic concepts of the pathophysiology of PEI and how PERT works are explained to the patient. It is emphasized that PERT should be taken with 
meals and that the dose should be adjusted to the fat content of the meal 

If maldigestion persists, proton pump inhibitors can be added, and the dose is increased to 80000 lipase units per main meal and 40000 lipase units per 
snack 

If PERT is still ineffective, despite the optimization described above, small intestinal bacterial overgrowth is considered, and the evidence for a diagnosis 
of PEI is revised 


PEI: Pancreatic exocrine insufficiency; PERT: Pancreatic enzyme replacement therapy. 


merited. Two of these trials have also reported results 
from open-label extension periods of 6 and 12 mo m . 
Continuous improvement during treatment, with a 
steady-state reached at week 13, was observed for most 
symptom variables 16-1 . In these clinical trials, PERT has 
been well tolerated, and no serious adverse events have 
been reported. Fibrosing colonopathy is the only serious 
complication that has been associated with PERT. In the 
vast majority of reported cases, this rare condition has 
been observed in patients with cystic fibrosis using high 
doses of PERT 1 'l The pathophysiology of this condi¬ 
tion is unknown, but factors related to cystic fibrosis dis¬ 
ease per se, the dosing of PERT and possibly agents in 
the enteric coating of the pancrelipase preparations may 
play a role 1711 . 

There are no studies investigating the long-term ef¬ 
fects of PERT on morbidity and mortality from PEI, 
which should be kept in mind if patients with no or 
minimal symptoms of PEI are considered for PERT. 

Dosing of pancreatic enzyme replacement therapy 

The concept of PERT is to induce a lipolytic capac¬ 
ity that corresponds to the amount of ingested fat at 
every meal. Therefore, higher doses are necessary for 
large, high-fat meals, and lower doses are sufficient for 
snacks and lean meals. The optimal dose of PERT in 
CP has not been investigated systematically in clinical 
trials. Recommendations from different national societ¬ 
ies range from 20-40000 lipase units per main meal, as 
recommended by the German Society of Digestive and 
Metabolic Diseases 1 ' 21 , to 25-40000 lipase units per main 
meal, as recommended by the Australasian Pancreatic 
Club Ilsl and the Italian Association for the Study of the 
Pancreas 1111 , to 40-50000 lipase units per mail mean, as 
recommended by The Spanish Pancreatic Club 1661 . In 
general, half of the dose is recommended for snacks and 
minor meals. Recent randomized clinical trials have used 
higher doses (72000 USP units 1511 and 80000 Ph.Eur.U 


units 16 " 1 per main meal). It is noteworthy that even in a 
study using 80000 lipase units per main meal, only 26% 
of the patients had a normalized coefficient of fat ab¬ 
sorption at the end of the 51-wk open-label extension 
of the study 1621 . 

There is no consensus on the definition of treatment 
success in PERT. If the elimination of maldigestion is 
accepted as the aim of the treatment, fecal fat quanti¬ 
fication or an indirect test of maldigestion, such as the 
l ’C-MTG breath test, would be the most appropriate 
examination for verifying treatment success. However, 
this approach is rarely feasible in clinical practice. Most 
guidelines recommend a reevaluation of symptoms and 
weight and a reevaluation of serum tests of malnutri¬ 
tion. 

In fact, it is highly likely that many patients with PEI 
today are receiving PERT that is suboptimal. A recent 
study from the Netherlands has indicated that as many 
as 70% of patients with CP report steatorrhea-related 
symptoms despite PERT 1731 and that persistent deficits in 
blood nutritional parameters despite PERT are common 
in PEI 11 " 641 . What measures can be taken to optimize 
the result of PERT? First, it is of utmost importance 
to ensure that the patient is taking the prescribed dose 
correctly. Capsules should be administered with meals 
(as opposed to before or after) for optimal effect 141 . If 
signs or symptoms of maldigestion persist, the PERT 
dose can be increased, and proton pump inhibitors can 
be added 144,75,761 . The rational for adjuvant treatment with 
proton pump inhibitors is that bicarbonate secretion is 
impaired in CP, resulting in insufficient buffering of the 
gastric chyme when it enters the small bowel. This phe¬ 
nomenon may in turn compromise the effect of PERT 
because lipase is rapidly degraded at a low pH and be¬ 
cause enzyme release from microspheres is pH depen¬ 
dent. If PERT is ineffective despite an increased dose 
and adjuvant treatment with PPI, the diagnosis of PEI 
should be revised, and possible coexisting and/or alter- 
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native reasons for maldigestion, such as small intestinal 
bacterial overgrowth, should be considered. A summary 
of PERT concepts in clinical practice is presented in 
Table 2. 

In conclusion, PEI is a state of maldigestion that is 
the result of a reduction of pancreatic enzyme activity in 
the intestinal lumen to a level that is below the threshold 
required to maintain normal digestion. CP is the most 
common cause of PEI, but several other pancreatic and 
extrapancreatic diseases can lead to PEI. The diagnosis 
of PEI is best established by tests that directly measure 
digestion, such as fecal fat quantification or the 1! C- 
MTG breath test. If these tests are not available, clinical 
and biochemical signs of malnutrition; pancreatic imag¬ 
ing findings; and tests that measure pancreatic secre¬ 
tion, such as the FE-1 assay, can be used to estimate the 
probability of PEI. The treatment of PEI relies on the 
elimination of risk factors for disease progression, such 
as smoking and alcohol consumption; consultation with 
a dietitian; PERT; and a systematic follow-up of the 
treatment effect on nutritional status and symptoms. If 
required, PERT can be optimized by dose augmentation 
and die addition of proton pump inhibitors. 


REFERENCES 

1 DiMagno EP, Go VL, Summerskill WH. Relations between 
pancreatic enzyme ouputs and malabsorption in severe pan¬ 
creatic insufficiency. N Engl J Med 1973; 288: 813-815 [PMID: 
4693931 DOI: 10.1056/NEJM197304192881603] 

2 Leeds JS, Hopper AD, Hurlstone DP, Edwards SJ, McAlin- 
don ME, Lobo AJ, Donnelly MT, Morley S, Sanders DS. 
Is exocrine pancreatic insufficiency in adult coeliac dis¬ 
ease a cause of persisting symptoms? Aliment Pharmacol 
Ther 2007; 25: 265-271 [PMID: 17269988 DOI: 10.1111/ 
j,1365-2036.2006.03206.x] 

3 Kingham JG, Levison DA, Fairclough PD. Diarrhoea and 
reversible enteropathy in Zollinger-Ellison syndrome. Lancet 
1981; 2: 610-612 [PMID: 6116088]" 

4 Dominguez-Munoz JE. Pancreatic enzyme replacement ther¬ 
apy: exocrine pancreatic insufficiency after gastrointestinal 
surgery. HPB (Oxford) 2009; 11 Suppl 3: 3-6 [PMID: 20495625 
DOI: 10.1111/j.l477-2574.2009.00132.x] 

5 Keller J, Layer P. Human pancreatic exocrine response to 
nutrients in health and disease. Cut 2005; 54 Suppl 6: vil-v28 
[PMID: 15951527] 

6 Anagnostides A, Chadwick VS, Selden AC, Maton PN. Sham 
feeding and pancreatic secretion. Evidence for direct vagal 
stimulation of enzyme output. Gastroenterology 1984; 87: 
109-114 [PMID: 6724252] 

7 White TT, Mcalexander RA, Magee DF. The effect of gastric 
distension on duodenal aspirates in man. Gastroenterology 
1963; 44: 48-51 [PMID: 14000362] 

8 Watanabe S, Shiratori K, Takeuchi T, Chey WY, You CH, 
Chang TM. Release of cholecystokinin and exocrine pancre¬ 
atic secretion in response to an elemental diet in human sub¬ 
jects. Dig Dis Sci 1986; 31: 919-924 [PMID: 3731983] 

9 Pandol SJ. Neurohumoral control of exocrine pancreatic 
secretion. Curr Opin Gastroenterol 2003; 19: 443-446 [PMID: 
15703586] 

10 Schaffalitzky de Muckadell OB, Fahrenkrug J, Nielsen J, 
Westphall I, Worning H. Meal-stimulated secretin release 
in man: effect of acid and bile. Scand ] Gastroenterol 1981; 16: 
981-988 [PMID: 7336139] 

11 Schaffalitzky de Muckadell OB, Fahrenkrug J, Watt-Boolsen 


j 3 „iIhiL 9 > WJG | www.wjgnet.com 7264 


S, Worning H. Pancreatic response and plasma secretin con¬ 
centration during infusion of low dose secretin in man. Scand 
] Gastroenterol 1978; 13: 305-311 [PMID: 755275] 

12 DiMagno EP, Malagelada JR, Go VL, Moertel CG. Fate of oral¬ 
ly ingested enzymes in pancreatic insufficiency. Comparison 
of two dosage schedules. N Engl ] Med 1977; 296: 1318-1322 
[PMID: 16213 DOI: 10.1056/NEJM197706092962304] 

13 Layer P, Yamamoto H, Kalthoff L, Clain JE, Bakken LJ, Di¬ 
Magno EP. The different courses of early- and late-onset 
idiopathic and alcoholic chronic pancreatitis. Gastroenterology 
1994; 107:1481-1487 [PMID: 7926511] 

14 Lindkvist B, Dominguez-Munoz JE, Luaces-Regueira M, 
Castineiras-Alvarino M, Nieto-Garcia L, Iglesias-Garcia J. Se¬ 
rum nutritional markers for prediction of pancreatic exocrine 
insufficiency in chronic pancreatitis. Pancreatology 2012; 12: 
305-310 [PMID: 22898630 DOI: 10.1016/j.pan.2012.04.006] 

15 Sikkens EC, Cahen DL, Koch AD, Braat H, Poley JW, Kui- 
pers EJ, Bruno MJ. The prevalence of fat-soluble vitamin de¬ 
ficiencies and a decreased bone mass in patients with chronic 
pancreatitis. Pancreatology 2013; 13: 238-242 [PMID: 23719594 
DOI: 10.1016/j.pan.2013.02.008] 

16 Tignor AS, Wu BU, Whitlock TL, Lopez R, Repas K, Banks 
PA, Conwell D. High prevalence of low-trauma fracture in 
chronic pancreatitis. Am ] Gastroenterol 2010; 105: 2680-2686 
[PMID: 20736937 DOI: 10.1038/ajg.2010.325] 

17 Van De Kamer JH, Ten Bokkel Huinink H, Weyers HA. Rap¬ 
id method for the determination of fat in feces. ] Biol Chem 
1949; 177: 347-355 [PMID: 18107439] 

18 Toouli J, Biankin AV, Oliver MR, Pearce CB, Wilson JS, Wray 
NH. Management of pancreatic exocrine insufficiency: Aus¬ 
tralasian Pancreatic Club recommendations. Med ] Aust 2010; 
193: 461-467 [PMID: 20955123] 

19 Frulloni L, Falconi M, Gabbrielli A, Gaia E, Graziani R, Pez- 
zilli R, Uomo G, Andriulli A, Balzano G, Benini L, Calculli L, 
Campra D, Capurso G, Cavestro GM, De Angelis C, Ghezzo L, 
Manfredi R, Malesci A, Mariani A, Mutignani M, Ventrucci 
M, Zamboni G, Amodio A, Vantini I, Bassi C, Delle Fave G, 
Frulloni L, Vantini I, Falconi M, Frulloni L, Gabbrielli A, Gra¬ 
ziani R, Pezzilli R, Capurso IV, Cavestro GM, De Angelis C, 
Falconi M, Gaia E, Ghezzo L, Gabbrielli A, Graziani R, Man¬ 
fredi R, Malesci A, Mariani A, Mutignani M, Pezzilli R, Uomo 
G, Ventrucci M, Zamboni G, Vantini I, Magarini F, Albarello 
L, Alfieri S, Amodio A, Andriulli A, Anti M, Arcidiacono P, 
Baiocchi L, Balzano G, Benini L, Berretti D, Boraschi P, Bu- 
scarini E, Calculli L, Carroccio A, Campra D, Celebrano MR, 
Capurso G, Casadei R, Cavestro GM, Chilovi F, Conigliaro R, 
DaH'Oglio L, De Angelis C, De Boni M, De Pretis G, Di Priolo S, 
Di Sebastiano PL, Doglietto GB, Falconi M, Filauro M, Frieri 
G, Frulloni L, Fuini A, Gaia E, Ghezzo L, Gabbrielli A, Gra¬ 
ziani R, Loriga P, Macarri G, Manes G, Manfredi R, Malesci 
A, Mariani A, Massucco P, Milani S, Mutignani M, Pasquali 

C, Pederzoli P, Pezzilli R, Pietrangeli M, Rocca R, Russello 

D, Siquini W, Traina M, Uomo G, Veneroni L, Ventrucci M, 
Zilli M, Zamboni G. Italian consensus guidelines for chronic 
pancreatitis. Dig Liver Dis 2010; 42 Suppl 6: S381-S406 [PMID: 
21078490 DOI: 10.1016/S1590-8658(10)60682-2] 

20 Hartmann D, Felix K, Ehmann M, Schnolzer M, Fiedler S, 
Bogumil R, Biichler M, Friess H. Protein expression profil¬ 
ing reveals distinctive changes in serum proteins associated 
with chronic pancreatitis. Pancreas 2007; 35: 334-342 [PMID: 
18090239 DOI: 10.1097/mpa.0b013e3180cac723] 

21 Montalto G, Soresi M, Carroccio A, Scafidi E, Barbagallo CM, 
Ippolito S, Notarbartolo A. Lipoproteins and chronic pan¬ 
creatitis. Pancreas 1994; 9:137-138 [PMID: 8108368] 

22 Sobral-Oliveira MB, Faintuch J, Guarita DR, Oliveira CP, 
Carrilho FJ. Nutritional profile of asymptomatic alcoholic pa¬ 
tients. Arq Gastroenterol 2011; 48:112-118 [PMID: 21709952] 

23 Schnitzler CM, Mesquita JM, Shires R. Cortical and trabecu¬ 
lar bone microarchitecture and turnover in alcohol-induced 
chronic pancreatitis: a histomorphometric study. J Bone Miner 


November 14, 2013 | Volume 19 | Issue 42 | 




Lindkvist B. Pancreatic exocrine insufficiency 


Metab 2010; 28: 456-467 [PMID: 20101423 DOI: 10.1007/ 
s00774-009-0151-x] 

24 Kalvaria I, Labadarios D, Shephard GS, Visser L, Marks IN. 
Biochemical vitamin E deficiency in chronic pancreatitis. Int 
J Pancreatol 1986; 1: 119-128 [PMID: 3693979 DOI: 10.1007/ 
BF02788444] 

25 Twersky Y, Bank S. Nutritional deficiencies in chronic pan¬ 
creatitis. Gastroenterol Clin North Am 1989; 18: 543-565 [PMID: 
2680966] 

26 Marotta F, Labadarios D, Frazer L, Girdwood A, Marks IN. 
Fat-soluble vitamin concentration in chronic alcohol-induced 
pancreatitis. Relationship with steatorrhea. Dig Dis Sci 1994; 
39: 993-998 [PMID: 8174441] 

27 Glasbrenner B, Malfertheiner P, Buchler M, Kuhn K, Ditsc- 
huneit H. Vitamin B12 and folic acid deficiency in chronic 
pancreatitis: a relevant disorder? Klin Woclienschr 1991; 69: 
168-172 [PMID: 2041378] 

28 Dominguez-Munoz JE, Alvarez-Castro A, Larino-Noia J, 
Nieto L, Iglesias-Garcia J. Endoscopic ultrasonography of 
the pancreas as an indirect method to predict pancreatic 
exocrine insufficiency in patients with chronic pancreatitis. 
Pancreas 2012; 41: 724-728 [PMID: 22228053 DOI: 10.1097/ 
MPA.0b013e31823b5978] 

29 Dominguez-Munoz JE, Manes G, Pieramico O, Buchler M, 
Malfertheiner P. Effect of pancreatic ductal and parenchymal 
changes on exocrine function in chronic pancreatitis. Pancreas 
1995; 10: 31-35 [PMID: 7899457] 

30 Catalano MF, Sahai A, Levy M, Romagnuolo J, Wiersema M, 
Brugge W, Freeman M, Yamao K, Canto M, Hernandez LV. 
EUS-based criteria for the diagnosis of chronic pancreatitis: 
the Rosemont classification. Gastrointest Endosc 2009; 69: 
1251-1261 [PMID: 19243769] 

31 Sziegoleit A, Krause E, Klor HU, Kanacher L, Linder D. Elas- 
tase 1 and chymotrypsin B in pancreatic juice and feces. Clin 
Biochem 1989; 22: 85-89 [PMID: 2720968] 

32 Loser C, Mollgaard A, Folsch UR. Faecal elastase 1: a novel, 
highly sensitive, and specific tubeless pancreatic function 
test. Gut 1996; 39: 580-586 [PMID: 8944569] 

33 Leeds JS, Oppong K, Sanders DS. The role of fecal elastase-1 
in detecting exocrine pancreatic disease. Nat Rev Gastroenterol 
Hepatol 2011; 8: 405-415 [PMID: 21629239 DOI: 10.1038/nrgas- 
tro.2011.91] 

34 Stein J, Jung M, Sziegoleit A, Zeuzem S, Caspary WF, Lem- 
bcke B. Immunoreactive elastase I: clinical evaluation of a 
new noninvasive test of pancreatic function. Clin Cliem 1996; 
42: 222-226 [PMID: 8595714] 

35 Hardt PD, Marzeion AM, Schnell-Kretschmer H, Wtlsten O, 
Nalop J, Zekorn T, Klor HU. Fecal elastase 1 measurement 
compared with endoscopic retrograde cholangiopancreatog¬ 
raphy for the diagnosis of chronic pancreatitis. Pancreas 2002; 
25: e6-e9 [PMID: 12131782] 

36 Bilgin M, Bilgin S, Balci NC, Momtahen AJ, Bilgin Y, Klor 
HU, Rau WS. Magnetic resonance imaging and magnetic 
resonance cholangiopancreatography findings compared 
with fecal elastase 1 measurement for the diagnosis of chronic 
pancreatitis. Pancreas 2008; 36: e33-e39 [PMID: 18192870 DOI: 
10.1097/ mpa.0b013e318150e557] 

37 Benini L, Amodio A, Campagnola P, Agugiaro F, Cristofori C, 
Micciolo R, Magro A, Gabbrielli A, Cabrini G, Moser L, Mas- 
sella A, Vantini I, Frulloni L. Fecal elastase-1 is useful in the 
detection of steatorrhea in patients with pancreatic diseases 
but not after pancreatic resection. Pancreatology 2013; 13: 38-42 
[PMID: 23395568 DOI: 10.1016/j.pan.2012.11.307] 

38 Vantrappen GR, Rutgeerts PJ, Ghoos YF, Hiele MI. Mixed 
triglyceride breath test: a noninvasive test of pancreatic lipase 
activity in the duodenum. Gastroenterology 1989; 96:1126-1134 
[PMID: 2494097] 

39 Bozek M, Jonderko K, Pilka M. On a refinement of the 13 
C-mixed TAG breath test. Br ] Nutr 2012; 107: 211-217 [PMID: 
21733305 DOI: 10.1017/S0007114511002881] 


40 Iglesias-Garcia J, Vilarino M, Iglesias-Rey M, Lourido V, 
Dominguez-Munoz E. Accuracy of the optimized 13C-mixed 
triglyceride breath test for the diagnosis of steatorrhea in 
clinical practice. Gastroenterology 2003; 124 Supp 1: A631 

41 Boedeker C, Goetze O, Pfaffenbach B, Luypaerts A, Geypens 
B, Adamek RJ. 13C mixed-triglyceride breath test: isotope 
selective non-dispersive infrared spectrometry in comparison 
with isotope ratio mass spectrometry in volunteers and pa¬ 
tients with chronic pancreatitis. Scand ] Gastroenterol 1999; 34: 
1153-1156 [PMID: 10582768] 

42 Loser C, Brauer C, Aygen S, Hennemann O, Folsch UR. Com¬ 
parative clinical evaluation of the 13C-mixed triglyceride 
breath test as an indirect pancreatic function test. Scand ] Gas¬ 
troenterol 1998; 33: 327-334 [PMID: 9548629] 

43 Keller J, Brtickel S, Jahr C, Layer P. A modified 13 C-mixed 
triglyceride breath test detects moderate pancreatic exocrine 
insufficiency. Pancreas 2011; 40: 1201-1205 [PMID: 21705945 
DOI: 10.1097/MPA.0b013e318220ad98] 

44 Dominguez-Munoz JE, Iglesias-Garcia J, Vilarino-Insua M, 
Iglesias-Rey M. 13C-mixed triglyceride breath test to assess 
oral enzyme substitution therapy in patients with chronic 
pancreatitis. Clin Gastroenterol Hepatol 2007; 5: 484-488 [PMID: 
17445754 DOI: 10.1016/j.cgh.2007.01.004] 

45 Burton P, Evans DG, Harper AA, Howath T, Oleesky S, 
Scott JE, Varley H. A test of pancreatic function in man based 
on the analysis of duodenal contents after administration 
of secretin and pancreozymin. Gut 1960; 1: 111-124 [PMID: 
13806339] 

46 Borgstrom B, Dahlqvist A, Lundh G. On the site of absorp¬ 
tion of fat from the human small intestine. Gut 1962; 3: 
315-317 [PMID: 14013961] 

47 Stevens T, Conwell DL, Zuccaro G, Van Lente F, Lopez R, 
Purich E, Fein S. A prospective crossover study comparing 
secretin-stimulated endoscopic and Dreiling tube pancreatic 
function testing in patients evaluated for chronic pancreatitis. 
Gastrointest Endosc 2008; 67: 458-466 [PMID: 18294508 DOI: 
10.1016/j.gie.2007.07.028] 

48 Stevens T, Conwell DL, Zuccaro G, Van Lente F, Purich 
E, Khandwala F, Fein S. A randomized crossover study of 
secretin-stimulated endoscopic and dreiling tube pancreatic 
function test methods in healthy subjects. Am ] Gastroenterol 
2006; 101: 351-355 [PMID: 16454842] 

49 Schneider AR, Hammerstingl R, Heller M, Povse N, Murzyn- 
ski L, Vogl TJ, Caspary WF, Stein J. Does secretin-stimulated 
MRCP predict exocrine pancreatic insufficiency?: A com¬ 
parison with noninvasive exocrine pancreatic function tests. 
/ Clin Gastroenterol 2006; 40: 851-855 [PMID: 17016144 DOI: 
10.1097/01.mcg.0000225652.00308.a2] 

50 Balci NC, Smith A, Momtahen AJ, Alkaade S, Fattahi R, 
Tariq S, Burton F. MRI and S-MRCP findings in patients with 
suspected chronic pancreatitis: correlation with endoscopic 
pancreatic function testing (ePFT). ] Magn Reson Imaging 2010; 
31: 601-606 [PMID: 20187202 DOI: 10.1002/jmri.22085] 

51 Dominguez-Munoz JE. Pancreatic exocrine insufficiency: di¬ 
agnosis and treatment. ] Gastroenterol Hepatol 2011; 26 Suppl 2: 
12-16 [PMID: 21323992 DOI: 10.1111/j.l440-1746.2010.06600.x] 

52 Gullo L, Barbara L, Labo G. Effect of cessation of alcohol use 
on the course of pancreatic dysfunction in alcoholic pancre¬ 
atitis. Gastroenterology 1988; 95:1063-1068 [PMID: 3410221] 

53 Yadav D, Lowenfels AB. The epidemiology of pancreatitis 
and pancreatic cancer. Gastroenterology 2013; 144: 1252-1261 
[PMID: 23622135 DOI: 10.1053/j.gastro.2013.01.068] 

54 Law R, Parsi M, Lopez R, Zuccaro G, Stevens T. Cigarette 
smoking is independently associated with chronic pancre¬ 
atitis. Pancreatology 2010; 10: 54-59 [PMID: 20332662 DOI: 
10.1159/000225927] 

55 Maisonneuve P, Lowenfels AB, Miillhaupt B, Cavallini G, 
Lankisch PG, Andersen JR, Dimagno EP, Andren-Sandberg 
A, Domellof L, Frulloni L, Ammann RW. Cigarette smoking 
accelerates progression of alcoholic chronic pancreatitis. Gut 


7265 November 14, 2013 | Volume 19 | Issue 42 | 


WJG | www.wjgnet.com 


Lindkvist B. Pancreatic exocrine insufficiency 


2005; 54: 510-514 [PMID: 15753536] 

56 Lohr JM, Hummel FM, Pirilis KT, Steinkamp G, Korner A, 
Henniges F. Properties of different pancreatin preparations 
used in pancreatic exocrine insufficiency. Eur ] Gastroenterol 
Hepatol 2009; 21: 1024-1031 [PMID: 19352190 DOI: 10.1097/ 
MEG.0b013e328328f414] 

57 Safdi M, Bekal PK, Martin S, Saeed ZA, Burton F, Toskes 
PP. The effects of oral pancreatic enzymes (Creon 10 cap¬ 
sule) on steatorrhea: a multicenter, placebo-controlled, 
parallel group trial in subjects with chronic pancreatitis. 
Pancreas 2006; 33: 156-162 [PMID: 16868481 DOI: 10.1097/01. 
mpa.0000226884.32957.5e] 

58 Toskes PP, Secci A, Thieroff-Ekerdt R. Efficacy of a novel 
pancreatic enzyme product, EUR-1008 (Zenpep), in patients 
with exocrine pancreatic insufficiency due to chronic pan¬ 
creatitis. Pancreas 2011; 40: 376-382 [PMID: 21343835 DOI: 
10.1097/ MPA.0b013e31820b971c] 

59 Whitcomb DC, Lehman GA, Vasileva G, Malecka-Panas E, 
Gubergrits N, Shen Y, Sander-Struckmeier S, Caras S. Pan- 
crelipase delayed-release capsules (CREON) for exocrine 
pancreatic insufficiency due to chronic pancreatitis or pancre¬ 
atic surgery: A double-blind randomized trial. Am ] Gastro¬ 
enterol 2010; 105: 2276-2286 [PMID: 20502447 DOI: 10.1038/ 
ajg.2010.201] 

60 Thorat V, Reddy N, Bhatia S, Bapaye A, Rajkumar JS, Kini DD, 
Kalla MM, Ramesh H. Randomised clinical trial: the efficacy 
and safety of pancreatin enteric-coated minimicrospheres 
(Creon 40000 MMS) in patients with pancreatic exocrine insuf¬ 
ficiency due to chronic pancreatitis—a double-blind, placebo- 
controlled study. Aliment Pharmacol Ther 2012; 36: 426-436 
[PMID: 22762290 DOI: 10.1111/j.l365-2036.2012.05202.x] 

61 Czako L, Takacs T, Hegyi P, Pronai L, Tulassay Z, Lakner L, 
Dobronte Z, Boda K, Lonovics J. Quality of life assessment 
after pancreatic enzyme replacement therapy in chronic 
pancreatitis. Can ] Gastroenterol 2003; 17: 597-603 [PMID: 
14571298] 

62 Ramesh H, Reddy N, Bhatia S, Rajkumar JS, Bapaye A, Kini D, 
Kalla M, Thorat V. A 51-week, open-label clinical trial in India 
to assess the efficacy and safety of pancreatin 40000 enteric- 
coated minimicrospheres in patients with pancreatic exocrine 
insufficiency due to chronic pancreatitis. Pancreatology 2013; 
13: 133-139 [PMID: 23561971 DOI: 10.1016/j.pan.2013.01.009] 

63 Dumasy V, Delhaye M, Cotton F, Deviere J. Fat malab¬ 
sorption screening in chronic pancreatitis. Am ] Gastroen¬ 
terol 2004; 99: 1350-1354 [PMID: 15233677 DOI: 10.1111/ 
j.l572-0241.2004.30661.x] 

64 Dominguez-Munoz JE, Iglesias-Garcia J. Oral pancreatic en¬ 
zyme substitution therapy in chronic pancreatitis: is clinical 
response an appropriate marker for evaluation of therapeutic 
efficacy? JOP 2010; 11: 158-162 [PMID: 20208327] 

65 Dominguez-Munoz JE. Chronic pancreatitis and persis¬ 
tent steatorrhea: what is the correct dose of enzymes? Clin 
Gastroenterol Hepatol 2011; 9: 541-546 [PMID: 21377551 DOI: 
10.1016/j.cgh.2011.02.027] 

66 Moran CE, Sosa EG, Martinez SM, Geldern P, Messina D, 
Russo A, Boerr L, Bai JC. Bone mineral density in patients 
with pancreatic insufficiency and steatorrhea. Am ] Gastroen¬ 
terol 1997; 92: 867-871 [PMID: 9149203] 

67 Haaber AB, Rosenfalck AM, Hansen B, Hilsted J, Larsen S. 
Bone mineral metabolism, bone mineral density, and body 


composition in patients with chronic pancreatitis and pan¬ 
creatic exocrine insufficiency. Int ] Pancreatol 2000; 27: 21-27 
[PMID: 10811020] 

68 de-Madaria E, Abad-Gonzalez A, Aparicio JR, Aparisi L, 
Boadas J, Boix E, de-Las-Heras G, Dominguez-Munoz E, Far- 
re A, Fernandez-Cruz L, Gomez L, Iglesias-Garcia J, Garcia- 
Malpartida K, Guarner L, Larino-Noia J, Lluis F, Lopez A, 
Molero X, Moreno-Perez O, Navarro S, Palazon JM, Perez- 
Mateo M, Sabater L, Sastre Y, Vaquero EC, Martinez J. The 
Spanish Pancreatic Club's recommendations for the diagno¬ 
sis and treatment of chronic pancreatitis: part 2 (treatment). 
Pancreatology 2013; 13: 18-28 [PMID: 23395565 DOI: 10.1016/ 
j.pan.2012.11.310] 

69 Gubergrits N, Malecka-Panas E, Lehman GA, Vasileva G, 
Shen Y, Sander-Struckmeier S, Caras S, Whitcomb DC. A 
6-month, open-label clinical trial of pancrelipase delayed-re¬ 
lease capsules (Creon) in patients with exocrine pancreatic in¬ 
sufficiency due to chronic pancreatitis or pancreatic surgery. 
Aliment Pharmacol Ther 2011; 33: 1152-1161 [PMID: 21418260 
DOI: 10.1111/j.l365-2036.2011.04631.x] 

70 FitzSimmons SC, Burkhart GA, Borowitz D, Grand RJ, 
Hammerstrom T, Durie PR, Lloyd-Still JD, Lowenfels AB. 
High-dose pancreatic-enzyme supplements and fibros¬ 
ing colonopathy in children with cystic fibrosis. N Engl ] 
Med 1997; 336: 1283-1289 [PMID: 9113931 DOI: 10.1056/ 
NEJM199705013361803] 

71 Nakajima K, Oshida H, Muneyuki T, Kakei M. Pancrelipase: 
an evidence-based review of its use for treating pancre¬ 
atic exocrine insufficiency. Core Evid 2012; 7: 77-91 [PMID: 
22936895 DOI: 10.2147/CE.S26705] 

72 Hoffmeister A, Mayerle J, Beglinger C, Biichler MW, Bufler P, 
Dathe K, Folsch UR, Friess H, Izbicki J, Kahl S, Klar E, Keller J, 
Knoefel WT, Layer P, Loehr M, Meier R, Riemann JF, Rtinzi M, 
Schmid RM, Schreyer A, Tribl B, Werner J, Witt H, Mossner J, 
Lerch MM. [S3-Consensus guidelines on definition, etiology, 
diagnosis and medical, endoscopic and surgical management 
of chronic pancreatitis German Society of Digestive and Met¬ 
abolic Diseases (DGVS)]. Z Gastroenterol 2012; 50: 1176-1224 
[PMID: 23150111 DOI: 10.1055/S-0032-1325479] 

73 Sikkens EC, Cahen DL, van Eijck C, Kuipers EJ, Bruno 
MJ. Patients with exocrine insufficiency due to chronic 
pancreatitis are undertreated: a Dutch national survey. 
Pancreatology 2012; 12: 71-73 [PMID: 22487479 DOI: 10.1016/ 
j.pan.2011.12.010] 

74 Dominguez-Munoz JE, Iglesias-Garcia J, Iglesias-Rey M, 
Figueiras A, Vilarino-Insua M. Effect of the administra¬ 
tion schedule on the therapeutic efficacy of oral pancreatic 
enzyme supplements in patients with exocrine pancreatic 
insufficiency: a randomized, three-way crossover study. Ali¬ 
ment Pharmacol Ther 2005; 21: 993-1000 [PMID: 15813835 DOI: 
10.1111/j.l365-2036.2005.02390.x] 

75 Bruno MJ, Rauws EA, Hoek FJ, Tytgat GN. Comparative 
effects of adjuvant cimetidine and omeprazole during pan¬ 
creatic enzyme replacement therapy. Dig Dis Sci 1994; 39: 
988-992 [PMID: 8174440] 

76 Regan PT, Malagelada JR, DiMagno EP, Glanzman SL, Go 
VL. Comparative effects of antacids, cimetidine and enteric 
coating on the therapeutic response to oral enzymes in se¬ 
vere pancreatic insufficiency. N Engl ] Med 1977; 297: 854-858 
[PMID: 20572 DOI: 10.1056/NEJM197710202971603] 


P- Reviewers: Du YQ, Fernandez-Zapico ME, 
Wassef W, Zhang JX S- Editor: Wen LL L- Editor: A 

E- Editor: Liu XM 



l£ 

WJG | www.wjgnet.com 7266 November 14, 2013 | Volume 19 | Issue 42 | 



J 


World Journal of 

Gastroenterology 


Online Submissions: http://www.wjgnet.com/esps/ World ] Gastroenterol 2013 November 14; 19(42): 7267-7275 

bpgoffice@wjgnet.com ISSN 1007-9327 (print) ISSN 2219-2840 (online) 

doi:10.3748/wjg.vl9.i42.7267 © 2013 Baishideng Publishing Group Co., Limited. All rights reserved. 


topic mqHLiqm' 


Asbjorn Mohr Drewes, MD, PhD, DMSc, Professor, Series Editor 

Nutrition in chronic pancreatitis 


Henrik H0jgaard Rasmussen, 0ivind Irtun, S 0 ren Schou Olesen, Asbj 0 rn Mohr Drewes, Mette Holst 


Henrik Hqjgaard Rasmussen, Mette Holst, Centre for Nutri¬ 
tion and Bowel Disease (CET), Department of Gastroenterology 
and Hepatology, Aalborg University Hospital, Faculty of Health, 
Aalborg University, 9000 Aalborg, Denmark 
0ivind Irtun, Department of Gastroenterologic Surgery, Univer¬ 
sity Hospital North-Norway, 9013 Tromso, Norway 
Soren Schou Olesen, Asbjorn Mohr Drewes, Mech-Sense, 
Department of Gastroenterology and Hepatology, Aalborg Uni¬ 
versity Hospital, 9000 Aalborg, Denmark 
Author contributions: All authors contributed to this review. 
Correspondence to: Henrik Hojgaard Rasmussen, PhD, 
Professor, Consultant, Head of Centre for Nutrition and Bowel 
Disease (CET), Department of Gastroenterology and Hepatology, 
Aalborg University Hospital, Faculty of Health, Aalborg Univer¬ 
sity, 9000 Aalborg, Denmark, hhr@rn.dk 
Telephone: +45-99-326229 Fax: +45-99-326507 
Received: June 20,2013 Revised: September24,2013 
Accepted: October 19,2013 
Published online: November 14, 2013 


Abstract 

The pancreas is a major player in nutrient digestion. In 
chronic pancreatitis both exocrine and endocrine insuf¬ 
ficiency may develop leading to malnutrition over time. 
Maldigestion is often a late complication of chronic pan¬ 
creatic and depends on the severity of the underlying 
disease. The severity of malnutrition is correlated with 
two major factors: (1) malabsorption and depletion of 
nutrients ( e.g., alcoholism and pain) causes impaired 
nutritional status; and (2) increased metabolic activity 
due to the severity of the disease. Nutritional deficien¬ 
cies negatively affect outcome if they are not treated. 
Nutritional assessment and the clinical severity of the 
disease are important for planning any nutritional in¬ 
tervention. Good nutritional practice includes screening 
to identify patients at risk, followed by a thoroughly 
nutritional assessment and nutrition plan for risk pa¬ 
tients. Treatment should be multidisciplinary and the 
mainstay of treatment is abstinence from alcohol, pain 
treatment, dietary modifications and pancreatic enzyme 
supplementation. To achieve energy-end protein re¬ 
quirements, oral supplementation might be beneficial. 


Enteral nutrition may be used when patients do not 
have sufficient calorie intake as in pylero-duodenal- 
stenosis, inflammation or prior to surgery and can be 
necessary if weight loss continues. Parenteral nutrition 
is very seldom used in patients with chronic pancreatitis 
and should only be used in case of Gl-tract obstruction 
or as a supplement to enteral nutrition. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved. 

Key words: Chronic pancreatitis; Malnutrition; Nutri¬ 
tional risk; Malabsorption; Nutritional risk screening; 
Metabolism; Nutritional assessment; Nutrition therapy 


Core tip: The pancreas is a major player in nutrient 
digestion and malnutrition is frequently found but is of¬ 
ten neglected. The severity of malnutrition is correlated 
with malabsorption and depletion of nutrients {e.g., 
alcoholism and pain) that causes impaired nutritional 
status and increased metabolic activity due to the se¬ 
verity of the disease. Good nutritional practice includes 
screening to identify patients at nutritional risk, fol¬ 
lowed by a thoroughly nutritional assessment and nu¬ 
trition plan for risk patients. Treatment should be multi¬ 
disciplinary and the mainstay of treatment is abstinence 
from alcohol, pain treatment, dietary modifications and 
pancreatic enzyme supplementation. 


Rasmussen HH, Irtun 0, Olesen SS, Drewes AM, Holst M. 
Nutrition in chronic pancreatitis. World J Gastroenterol 2013; 
19(42): 7267-7275 Available from: URL: http://www.wjgnet. 
com/1007-9327/full/vl9/i42/7267.htm DOI: http://dx.doi. 
org/10.3748/wjg.vl9.i42.7267 


INTRODUCTION 

Chronic pancreatitis (CP) is an inflammatory disorder 
that causes irreversible anatomical changes and damage, 
including infiltration of inflammatory cells, fibrosis and 
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calcification of the pancreas with destruction of the glan¬ 
dular structure and thereby affects normal digestion and 
absorption of nutrients. 

Maldigestion is often a late complication of CP and 
depends on the severity of the underlying disease. The 
medium latency between onset of first symptoms and 
signs of maldigestion is about 8-9 years in alcoholic CP 
and more than 15 years in idiopathic non-alcoholic pan¬ 
creatitis. Nutrient deficiencies are common in CP, driven 
by many risk factors including malabsorption, diabetes 
and, in alcoholic CP, alcoholism. However, deficiencies 
are frequently overlooked, leading to malnutrition 11 " * 1 . 

The aim of this article is to discuss the definition of 
malnutrition and good nutritional practice in patients 
with CP. 


DEFINITION OF MALNUTRITION AND 
GOOD NUTRITIONAL PRACTICE 

Generally about 20%-50% of all patients in hospital are 
found at risk of undernutrition, dependent on definition, 
clinical setting and screening tool amended. A large part 
of these patients are at nutritional risk when admitted to 
hospital and in the majority of these, undernutrition de¬ 
velops negatively during hospital stay 13,41 . 

This can be prevented if special attention is paid 
to nutritional care of patients. Routine identification is 
paramount as a first stage in a patient’s care in order to 

identify at-risk patients, with a view to providing nutrition 

C • r [5,6] 

support it necessary . 

Good nutritional practice for the patient starts by 
nutrition screening. The European Society for Clinical 
Nutrition and Metabolism (ESPEN) Guidelines for Nu¬ 
trition Screening recommend a continuity of issues to be 
considered in all patients admitted to hospital (Figure 1) [61 . 

(1) Initially on admission, a simple nutritional screening is 
to be done, to identify patients at actual nutritional risk; (2) 
Subsequently for patients at nutritional risk, a thorough 
nutritional assessment is to be completed; (3) This stage 
leads to an individual evaluation of nutritional require¬ 
ments, and a plan for nutrition therapy and care; and (4) 
Monitoring and defining of targeted outcome should be 
structured in order to reconsider therapy and care-plan¬ 
ning. Finally, communication around results of screening, 
assessment, plan and monitoring should be communi¬ 
cated to other health care professionals, when the patient 
is transferred, either back to the community or to another 

|7-91 

institution . 

In order to give priority to nutritional intervention for 
relevant patients, nutrition screening methods have been 
developed and validated. These screening methods regard 
nutritional status and acute disease. However, there is still 
no clear consensus agreement on a uniform definition of 
undernutrition or agreement for a gold standard method 
of screening and identification of undernutrition 11 " 1 . This 
also applies for patients with CP and malnutrition which 
has been offered numerous definitions. Simply stated, 
malnutrition is a sub-optimal nutrient status appearing 


as a consequence of nutrient deficiencies, which change 
body composition and functional status. However, this 
definition neglects the numerous causes of malnutrition. 
An international guideline committee has recently pro¬ 
posed an aetiology-based approach that incorporates a 
current understanding of the inflammatory response, as 
seen in CP and many other patients. The committee pro¬ 
posed the following nomenclature for nutrition diagnosis 
in adults in the clinical practice setting: “Starvation-related 
malnutrition”, for chronic starvation without inflam¬ 
mation i.e., anorexia nervosa, “chronic disease-related 
malnutrition”, when inflammation is chronic and of mild 
to moderate degree i.e., CP, and “acute disease or injury- 
related malnutrition”, i.e., CP with a serious complication 
in the intensive ward, that is, when inflammation is acute 
and of severe degree 111 ' 1 " 1 . 

The causes of malnutrition in patients are thus in¬ 
cluded in its definition. As such, screening tools, which 
neglect to include relevant disease related parameters 
such as chronic or acute inflammation, may be less effica¬ 
cious in identifying malnutrition risk. 

Nutritional screening should be a simple and rapid 
process, which can be carried out by busy admitting nurs¬ 
ing and medical staff. Most screening tools address four 
basic questions: recent weight loss, recent food intake, 
current body mass index and disease severity or some 
other measure of predicting risk of malnutrition. In 
2003, ESPEN published guidelines for nutrition screen¬ 
ing in the community, in the hospital and among elderly 
in institutions. The Nutrition Risk Screening 2002 (NRS 
2002) seems to be the best validated screening tool, in 
terms of predictive validity, i.e., that clinical outcome im¬ 
proves when patients identified to be at risk are treated, 
however the evidence is sparse 13,5,6 ’ 91 . 

For adult patients in hospital it is thus suggested to 
use the NRS 2002 (Figure 2) PI . A score equal to or greater 
than 3 generates a nutrition plan in all cases. If the patient 
is at risk, but metabolic or functional problems prevent a 
standard plan being carried out, or if there is doubt as to 
whether the patient is at risk, a referral should be made to 
an expert or expert team for a more detailed assessment. 


HOW DOES CP INFLUENCE NUTRITIONAL 
STATUS AND METABOLISM? 

According to the definition, the severity of malnutrition 
is correlated with two major factors: depletion of nutri¬ 
ents (alcoholism and pain) and malabsorption causes im¬ 
paired nutritional status and increased metabolic activity 
due to the inflammatory component of CP (severity of 
disease). Generally patients at nutritional risk have an in¬ 
creased number of complications and a poorer outcome, 
but specific studies investigating this issue in CP are how¬ 
ever not available 12 ’ 1 "' 141 . 

A persistent alcohol intake, pain after a meal and mal¬ 
digestion are the main causes of weight loss, and weight 
loss is strongly associated with maldigestion of fat [1 ’ 14,151 . 

It is widely acknowledged that patients with CP are 
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Figure 1 The nutritional care process including screening, plan and monitoring according to the European Society for Clinical Nutrition and Metabolism 
guideline 161 . REQ: Requirement. 


often undernourished; however few studies have assessed 
this. In a medical rehabilitation clinic setting, 32% had a 
BMI < 20 kg/m”; 57% chronic diarrhea and 24% steator¬ 
rhea 121 . 

Others have found that patients are malnourished 
prior to surgery and that the problem remains after sur¬ 
gery in a substantial proportion of patients with CP 11 '’ 1 . 
Furthermore, lean body mass and fat mass are found to 
be decreased both in patients with or without residual 
pancreatic function 1 ' 71 . Decreased lean body mass may 
lead to decreased functional capacity as found in 34% of 
patients with moderate to severe weight loss. This also 
affected quality of life 1 ' 81 . In this study fatigue, found 
in 46%, also had a major impact on quality of life. In a 
cohort of ambulatory patients with CP (60 patients), we 
found 28% at nutritional risk. These patients had a lower 
fat- and muscle mass and a tendency to lower handgrip 
strength. Furthermore, handgrip strength was associated 
with muscle- and fat mass 1 " 1 . 

It has been found that 30%-50% of patients with CP 
have increased resting energy expenditure 1 ”" 1 . We found 
no difference between estimated (Harris-Benedict) and 
measured resting energy expenditure (indirect calorimet¬ 
ric) in a cohort of ambulatory CP patients. However, 
when adjusted for fat free mass and height, we found 
higher resting energy expenditure (around 20%) in pa¬ 
tients with low BMI (< 20 kg/m 2 ) 1191 . 

Substrate metabolism during chronic pancreatitis 

Daily intake of carbohydrates is about 300 grams corre¬ 
sponding to about half the caloric intake per day. About 
half of the caloric intake is carbohydrates and 30% are 
sucrose. Pancreatic alfa-amylase is the only enzyme for 
carbohydrate digestion that is produced by the pancreas. 
The final digestion of sugars take place at the brushbor- 


der of enterocytes where a range of disaccharidases pro¬ 
duce the three sugars glucose, galactose and fructose that 
can be absorbed. In exocrine pancreatic insufficiency, car¬ 
bohydrate digestion is maintained for a long time by sali¬ 
vary amylase and brush-border oligosaccharidoses. The 
loss of endocrine function leads to glucose intolerance 
in 40%-90% of patients with severe CP. Furthermore, in 
20%-30% of patients an insulin-dependent diabetes de¬ 
velops associated with impaired glucagon and pancreatic 
polypeptide regulation (discussed in other article). 

Daily protein intake in the Western world lies between 
70 and 100 g and gastrointestinal secretions contain fur¬ 
ther 50-60 g of proteins per day. Protein digestion is initi¬ 
ated by intragastric proteolytic activity and continued by 
intestinal brush-border peptidases. Luminal proteolytic 
activity is maintained even in the absence of pancreatic 
peptidases and azotorrhea is therefore a very late and rare 
symptom in CP 1 ”' 1 . Trypsinogen is the inactive precursor 
for trypsin, which is the key enzyme for activation of 
all proteolytic enzymes in the duodenum. Trypsinogen 
becomes activated by enteropeptidase that is secreted by 
the brush-border of duodenal enterocytes. Proelastase is 
produced by the pancreas and belong to the chymotryp- 
sin-like elastase family (elastase-2A, elastase-2B, elastase- 
3A, and elastase-3B). The elastase-3A isoform can be 
measured and quantified by the faecal elastase test. About 
40% of proteins are digested to free amino acids. Brush 
border peptidases continue the digestion of peptides lon¬ 
ger than three amino acids. Dipeptides, tripeptides, and 
free amino acids are then absorbed by the enterocytes by 
different transport mechanisms. 

In Western diet up to 40% of the daily caloric intake 
derives from lipids, although 30% is recommended. 
Lipids are insoluble in water and need to be transferred 
to water-soluble micelles formed by bile acids, phospho- 


Jgflishideng 1 


WJG | www.wjgnet.com 


7269 


November 14, 2013 | Volume 19 | Issue 42 | 

































Rasmussen HH etat. Nutrition in chronic pancreatitis 


Step 1: Initial screening 

Yes 

No 

1 

Is BMI < 20.5 kg/m 2 ? 



2 

Has the patient lost weight within the last 3 mo? 



3 

Has the patient had a reduced dietary intake in the last week? 



4 

Is the patient severely ill? {e.g., in intensive therapy) 




Yes: If the answer is 'Yes' to any question, the screening in Step 2 is performed. 


No: If the answer is 'No' to all questions, the patient is re-screened at weekly intervals. If the patient e.g., is scheduled for at major operation, a preven¬ 
tive nutritional care plan is considered to avoid the associated risk status. 



Step 2: Final screening 



Impaired nutritional status 

Severity of disease (approximately increase in requirements) 

Absent 

Score 0 

Normal nutritional status A 

Absent 

Score 0 

Normal nutritional requirements 

Mild 

Wt loss > 5% in 3 mo 

or 

Food intake below 50-75% of normal requirement in preceding 

Mild 

Hip fracture 1 

Chronic patients, in particular with acute complications: 
cirrhosis 1 , chronic obstructive pulmonary disease 1 . 

Score 1 

week. 

Score 1 

Chronic hemodialysis, diabetes, oncology. 

Moderate 

Wt loss > 5% in 2 mo 

or 

BMI 18.5-20.5 + impaired gen. condition 
or 

Food intake 25%-50% of normal requirement in preceding 

Moderate 

Major abdominal surgery 1 

Stroke 1 

Severe pneumonia, hematologic malignancy. 

Score 2 

week 

Score 2 


Severe 

Wt loss > 5% in 1 month (> 15% in 3 mo) 
or 

BMI > 18.5 + impaired general condition 

Severe 

Head injury 1 

Bone marrow transplantation 

Intensive care patients (APACHE >10). 

Score 3 

Food intake 0-25% of normal requirement in preceding week 

Score 3 


Score: 

+ 

Score: 

= Total score: 

Age 

if Ss 70 yr: Add 1 to total score above 


= Age-adjusted total score: 

Score & 3: The patient is nutritionally at-risk and a nutritional care plan is initiated. 


Score < 3: Weekly rescreening of the patient. If the patient e.g., is scheduled for a major operation, a preventive nutritional care plan is considered to 
avoid the associated risk status. 


NRS-2002 is bases on an interpretation 
of available randomized clinical trials. 
‘Indicates that a trial directly supports 
the categorization of patients with that 
diagnosis. Diagnoses shown in italics are 
based on the prototypes given below. 
Nutritional risk is defined by the present 
nutritional status and risk of impairment 
of present status, due to increased 
requirements caused by stress metabolism 
of the clinical condition. 


A nutritional care plan is indicated in all patients who are 

(1) severely undernourished (score = 3) 
or 

(2) severely ill (score = 3) 
or 

(3) moderately undernourished + mildly ill (score 2 + 1) 
or 

(4) mildly undernourished + moderately ill (score 1 + 2) 
Prototypes for severity of disease 

Score = 1: A patient with chronic disease, admitted to 
hospital due to complications. The patient is weak but 
out of bed regularly. 


Protein requirement is increased, but can be covered 
by oral or supplement in most cases. 

Score = 2: A patient confined to bed due to illness, 
e.g., following major abdominal surgery. Protein 
requirement is substantially increased, but can be 
covered, although artificial feeding is required in 
many cases. 

Score = 3: A patient in intensive care with assisted 
ventilation etc. Protein requirement is increased and 
cannot be covered even by artificial feeding. Protein 
breakdown and nitrogen loss can be significantly 
attenuated. 


Figure 2 Nutrition risk screening 2002 [91 . BMI: Body mass index. 


lipids, cholesterol and other products. This facilitates 
hydrolysis by lipase. In the stomach lingual lipase and 
gastric lipase hydrolyse triglycerides to glycerol and free 
fatty acids. Lipases from the gastric and salivary glands 
have a minor role in digestion of triglycerides and cannot 
compensate an insufficient pancreatic fat digestion. Thus, 
luminal lipid digestion within the small intestine depends 
on the action of pancreatic lipase and cofactors such as 
colipase and bile acids. There are no triglyceride-diges¬ 
tion enzyme systems within the intestinal brush-border 
membrane. Consequently, lipid digestion is decreased by 
insufficient lipase secretion and reduced luminal bile acid 
concentration. Because bicarbonate secretion is also di¬ 
minished in CP and postprandial intraduodenal pH may 
fall < 4, luminal lipase degradation occurs more rapidly 
than that of other enzymes due to its greater instability. 
Gastric lipase only partly compensates for the lack of 
pancreatic lipase (discussed in other article). 


Vitamin deficiency 

A deficiency in vitamins A, D, E, K correlates with the 
severity of steatorrhoea in patients with CP, but may 
be caused by several different mechanisms including, 
suboptimal dietary intakes, increased losses, increased 
requirements, impaired binding of nutrients, antioxidant 
activity, and fat malabsorption. E vitamin deficiency 
may be seen more often than deficiencies of vitamin 
A, D, and K [2 "" 241 . However, osteopathy (osteoporosis, 
osteomalacia, osteopenia) may occur in at least 25% of 
CP patients 1 "" 1 . The adjusted hazard ratio (HR) for any 
fracture was 1.7 in patients with CP (95%CI: 1.6-1.8) in 
a recently Danish study 1251 . Due to inadequate protease 
secretion by the pancreas, vitamin B12 deficiency can 
occur 1261 . Zink deficiency may be seen especially in as¬ 
sociation with diabetes 1271 . Also, deficiencies in calcium, 
magnesium, thiamine and folic acids have been reported. 
The functional meaning of such deficiencies are how- 
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Figure 3 Nutritional assessment in patients with chronic pancreatitis. AMC: Arm muscle circumference; TSF: Triceps skin fold; HGS: Hand grip strength; BIA: 
Bioimpedance; REE: Resting energy expenditure; GGT: y-glutamyl transferase; ALP: Alkaline phosphatase; PTH: Parathyroid hormone; DXA: Dexa scan. 


ever undetermined and in our cohort of ambulatory pa¬ 
tients with CP we did not find any correlation between 
micronutrient deficiencies and handgrip strength as mea¬ 
sured by bioimpedance (unpublished data). On the other 
hand we recently demonstrated that the fibrotic changes 
as well as atrophy and ductal-related parameters were as¬ 
sociated with exocrine insufficiency such as reflected in 
vitamin D deficiency, and future studies should explore 
this in further details 1281 . 


NUTRITIONAL ASSESSMENT 

Assessment of nutrition status should include a multi¬ 
disciplinary approach' 141 , including assessment of clinical 
symptoms, exocrine and endocrine pancreatic function, 
body composition, bone health, dietary evaluation and 
lifestyle as illustrated in Figure 3. 

Clinical symptoms should include routine medical 
history and psychical examination with special emphasis 
on nutrition related symptoms and risk factors (nausea, 
anorexia, pain, alcohol, smoking). Micronutrient status 
should be measured 1-2 times a year including malab¬ 
sorption of fat-soluble vitamins, minerals and trace ele¬ 
ments. Function of pancreas concerning the exocrine- 
and endocrine part will not be discussed in this article. 

Because both weight and BMI do not take body com¬ 
position into account and may be misinterpreted as a re¬ 
sult of fluid changes including ascites and edema, further 
investigation and assessment may be made with anthro¬ 
pometries and bioimpedance measurements, both for 
baseline and follow-up (i.e., every 3-6 mo), because even 
patients with a normal BMI may have a decreased muscle 
mass that further might decrease function and lead to a 
higher morbidity, i.e., higher incidence of postoperative 
complications after surgery for CP [16] . 

Anthropometric measurements as mid-arm circum¬ 


ference estimating lean body mass and triceps skinfold 
estimating subcutaneous fat stores can be compared with 
age- and gender-specific centiles and are useful especially 
in patients with edema or ascites and as a long-term 
follow-up for nutritional status' 14 '. 

Bioimpedance is easy, non-invasive, and relatively 
inexpensive, and can be performed in almost any subject 
because it is portable. ESPEN guidelines''''' 311 , report re¬ 
sults for fat-free mass body fat, body cell mass total body 
water, extracellular water and intracellular water from 
various studies in healthy and ill subjects. The data sug¬ 
gests that bioimpedance works well in healthy subjects 
and in patients with stable water and electrolytes balance 
with a validated bioimpedance equation that is appropri¬ 
ate with regard to age, sex and race. Clinical use of bio¬ 
impedance in subjects at extremes of BMI ranges or with 
abnormal hydration cannot be recommended for routine 
assessment of patients until further validation has proven 
for bioimpedance algorithm to be accurate in such condi¬ 
tions. Multi-frequency- and segmental-bioimpedance may 
have advantages over single-frequency bioimpedance in 
these conditions, but further validation is necessary. Lon¬ 
gitudinal follow-up of body composition by bioimped¬ 
ance is possible in subjects with BMI 16-34 kg/m' with¬ 
out abnormal hydration, but must be interpreted with 
caution. 

Since muscle function correlates closely with whole 
body protein, body cell mass, anthropometrically mea¬ 
sured arm muscle mass, and even with BMI, loss of 
weight or muscle mass invariably results in decreased 
muscle strength which is reflected in deteriorating func¬ 
tion tests as well as in prominently altered muscle mor¬ 
phology' 3 ' 1 . Reduced muscle strength is in turn associated 
with loss of physical functionality and with negative im¬ 
pact on recovery of health after illness or surgery, which 
partly explains the high predictive power of muscle 
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function tests 1 ” 1 . Hence, various studies have shown a 
close correlation between muscle strength and outcome 
in acute and chronic disease 132 " 341 . Just as measuring body 
composition offers a qualitative aspect of nutritional 
status, muscle function represents a dynamic indicator 
of muscle mass. Measurement of muscle function as 
indicator of functional as well as nutritional status has 
therefore gained considerable attention in the past years. 
Although hand grip strength correlates well with other 
muscle function tests such as knee extension strength or 
peak expiratory flow, it cannot be used as surrogate for 
muscle function of lower extremities when evaluating 
physical performance. Short term effects of nutritional 
therapy as e.g., refeeding of acute malnutrition are seen 
earlier by muscle function than by changes in body com¬ 
position. Long-term nutritional therapy should result in 
both changes of body composition and muscle function, 
which should be paralleled by improvements of physical 

.. [31,35] 

status 

Reference values for age- and gender-specific percen¬ 
tiles exist 1,61 . 

Resting energy expenditure (REE): Institution of 
appropriate nutritional therapy necessitates accurate de¬ 
termination of energy requirements. Data on measured 
REE in CP are very limited, but has shown, drat weight 
loss is accompanied by hypermetabolism, and that be¬ 
tween 30% and 50% of patients with CP have increased 
REE 1 ”" 1 . It may help us predict the energy level necessary 
to promote weight restoration and optimize nutritional 
rehabilitation preventing severe medical complications 
such as the refeeding syndrome 1371 . Unfortunately, this 
technology is not available in the majority of the hospi¬ 
tals, because it requires skilled technicians and sophisti¬ 
cated methodologies that are costly and difficult to apply 
in standard clinical settings. 

Predictive formulas of REE may be used as an al¬ 
ternative to indirect calorimetric that may be utilized by 
clinicians. The most cited and used predictive formula is 
the Harris-Benedict equation, which includes age, stature, 
and body weight to estimate REE 1381 . However, studies 
are needed to validate predictive formulas vs measured 
resting energy expenditure by indirect calorimetric. 

Bone health: Despite the reported high incidence of 
osteopathy in CP, no disease specific guideline exits for 
CP. However, extrapolating from guidelines for com¬ 
parable malabsorptive diseases, calcium and vitamin D 
supplementation as well as regular monitoring of bone 
health should be an integral part of the nutrition manage¬ 
ment of CP, hence biochemistry and DXA scan should 
be performed regularly (/. e ., once a year). 

Diet: A detailed assessment of current and habitual 
dietary intakes should be made by a dietician for all pa¬ 
tients at nutritional risk as indicated by the NRS 2002 
screening tool. Nutrient intake may be measured by a 
24-h recall interview or a diet history, and analyzed using 
specialized software providing detailed information about 
energy- and protein intake as well as fat and micronutri¬ 
ents intake. For evaluating specific food items a food fre¬ 


quency questionnaire can be used 1 ' 111 . A specific diet plan 
should be made and follow-up visits evaluating intake 
compared to recommended energy- and protein intake 
should be employed according to clinical monitoring 
practice. It has been shown, that both dietary counseling 
and oral supplements for CP patients at nutritional risk 
can improve weight, BMI and decrease fecal fat excre- 

[40] 

don . 

Lifestyle: To minimize nutritional risk factors in pa¬ 
tients with CP, an effort should be made to investigate 
and eliminate possible individual barriers such as smok¬ 
ing and alcohol abuse. Furthermore, to assure patient 
compliance regarding medical treatment (i.e., treatment 
with enzymes) and to evaluate pain treatment (discussed 
in another article). Physical activity should be encouraged 
alongside nutritional therapy for optimal result 132 " 341 . 


NUTRITIONAL MANAGEMENT 

Nutritional treatment in chronic pancreatitis 

Maldigestion of macronutrients is the major cause of 
progressive nutritional and metabolic impairment in pa¬ 
tients with CP. Nutritional interventions depend on the 
degree of maldigestion and the nutritional status. 

The main goals for nutritional interventions are to 
ensure sufficient macro- and micronutrients intake, to de¬ 
crease maldigestion, malabsorption and other risk factors 
in order to prevent or treat malnutrition. 

The treatment of exocrine deficiency begins with 
dietary recommendations and pancreatic enzyme supple¬ 
mentation. About 80% of patients can be managed by a 
combination of analgesics, dietary recommendations and 
pancreatic enzyme supplements, while 10%-15% need 
oral nutritional supplements, 5% need enteral tube feed¬ 
ing and around 1% require parenteral nutrition 1 ” 1 ' 41 '” 1 . 

Diet recommendations 

Dietary recommendations begin with total abstinence 
from alcohol. In addition, an adequate number of calo¬ 
ries should be taken. Estimation of REE [or measure¬ 
ment in patients with a low BMI (< 20 kg/m 2 )] is essen¬ 
tial in all patients to calculate the adequate caloric intake 
because of risk of increased resting energy expenditure. 
Frequent small meals (4-8 times a day) should be given. 
The carbohydrate intake might be limited when an overt 
diabetes mellitus is present (described in more detail in 
other article). 

A protein diet of 1.0-1.5 g/kg body weight/d is gen¬ 
erally sufficient and well tolerated. Usually, if 30%-40% 
of the calories are given as fat this is well tolerated, espe¬ 
cially when the foods are rich in vegetable fats. 

If weight gain is insufficient and/or steatorrhea per¬ 
sists, medium chain triglycerides (MCT) can be tried to 
increase fat absorption. MCT are absorbed directly across 
the small bowel into the portal vein, even in the absence 
of lipase, co-lipase and bile salts. However, MCTs have 
low energy density and unpalatable taste, and a maximum 
of about 50 g/d might be given. Higher doses may be 
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ketogenic and are associated with side effects such as 
cramps, nausea and diarrhea. Fat soluble vitamins (A, D, 
E and K), vitamin B12 and other micronutrients should 
be supplemented if serum levels indicate deficiencies. 

In general, a low fibre diet is recommended, because 
fibre may absorb enzymes and delay the absorption of 
nutrients. An adequate quantity of exogenous pancreatic 
enzymes is necessary to correct protein and lipid mal¬ 
digestion 11 ' 4 ’’ 451 . In 10%-15% of patients oral supplements 
can help to attenuate weight loss and delay the use of 
enteral tube feeding 14 "’ 41 ' 1 2 3 . 

The best clinical follow-up parameters for monitoring 
therapeutic success of dietary counseling are improve¬ 
ment of the patient’s general condition and weight gain. 

Enteral nutrition 

The cause of inadequate caloric intake in CP can be 
anatomical (due to pyloro-duodenal-stenosis or cyst 
compression) or inflammatory with acute complications 
(new attack of acute pancreatitis or development of fis¬ 
tulas). Patients suffering from serious insufficient caloric 
intake may benefit by oral supplements or enteral nutri¬ 
tion. To test if enteral nutrition is tolerated and increases 
nutritional status it is recommended to give the nutrition 
via a naso-jejunal tube. However, for long-term therapy 
feeding (exceeding 2-3 wk) a percutaneous endoscopic 
gastrostomy with a jejunal tube extension is more con¬ 
venient. Continuous overnight delivery of the nutrients 
is suitable and entails more easily the patient’s nutritional 
goal. From a theoretical point of view a semi-elemental 
diet can be recommended, but there are no studies show¬ 
ing improvement in the nutritional status compared to 
regular enteral nutritional formulas. 

Owing to the fact that CP patients are frequently 
undernourished, nutritional support before pancreatic 
surgery may be beneficial. Data from patients undergoing 
general abdominal surgery have provided evidence that 
preoperative enteral or oral nutritional support improves 
outcome compared to undernourished patients by reduc¬ 
ing postoperative morbidity and the length of hospital 
stay 1471 . Thus, it should be emphasized that nutritional 
therapy should go alongside surgery, and that surgery for 
pain or any obstruction in the Gl-channel should be a 
primary indication. 

The potential to modulate the activity of the immune 
system by interventions with specific nutrients is termed 
immunonutrition. This concept is normally applied to 
any situation where nutritional formulas are supplement¬ 
ed with specific nutrients such as arginine, glutamine, 
omega-3 fatty acids, nucleotides and others. Meta-analysis 
of randomized controlled trials giving a combination 
of arginine and omega-3 fatty acids at home for 5-7 d 
before surgery reduced both postoperative infection rate 
and length of hospital stay in patients who underwent 
elective major GI surgery 148,4 Specific trials in patients 
with chronic pancreatitis are not available. A recent RCT 
giving supplemental immunonutrition preoperatively in 
well-nourished and mal-nourished gastrointestinal sur¬ 


gery patients showed, that LOS and costs were reduced 
especially in mal-nourished patients 1 ’" 1 . 

Another recent study showed that enteral immu¬ 
nonutrition given post-operatively vs a standard enteral 
nutrition showed a reduction of infectious complications, 
anastomotic leak rate and LOS as well as an improved 
immunologic outcome 1 ’ 11 . 

We therefore highly recommend a week with pre¬ 
operative immunonutrition to patients going to elective 
surgery for chronic pancreatitis. Early postoperative en¬ 
teral nutrition is feasible and may additionally improve 
outcome after surgery. 

Parenteral nutrition 

Parenteral nutrition is infrequently used in patients with 
chronic pancreatitis. Enteral nutrition preserves immune 
function and mucosal architecture and decreases the 
possibility for hyperglycemia while parenteral nutrition 
also increases the risk of catheter infections and sepsis 
complications. Parenteral nutrition is therefore only in¬ 
dicated when it is impossible to use enteral nutrition 1 ’" 1 . 
This means if the patients do not reach their require¬ 
ments because gastric emptying is blocked, the patient 
needs gastric decompression, it is impossible to introduce 
a tube into the jejunum, or a complicated fistula is pres¬ 
ent. Parenteral nutrition is mainly performed over a short 
term period, e.g., in apparent severe malnutrition prior to 
pancreatic surgery if enteral feeding is incomplete and 
may thus be used as a supplement to fulfill their require¬ 
ments. There are no reported studies of patients with 
chronic pancreatic insufficiency who have been treated 
with parenteral nutrition for a long period. 

Future perspectives 

Future studies evaluating a systematic approach for as¬ 
sessment and treatment of CP patients at nutritional risk 
should be made to further elucidate the nutritional course 
of these patients. Special emphasis should be on body 
composition, absorption of nutrients and metabolism, 
as well as measuring micronutrient deficiencies. Further¬ 
more, nutritional interventions should be tested in ran¬ 
domized controlled trials with relevant clinical outcomes, 
/.<?., morbidity, quality of life, physical function and mor¬ 
tality. 
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Abstract 

Diabetes secondary to pancreatic diseases is commonly 
referred to as pancreatogenic diabetes or type 3c dia¬ 
betes mellitus. It is a clinically relevant condition with a 
prevalence of 5%-10% among all diabetic subjects in 
Western populations. In nearly 80% of all type 3c diabe¬ 
tes mellitus cases, chronic pancreatitis seems to be the 
underlying disease. The prevalence and clinical impor¬ 
tance of diabetes secondary to chronic pancreatitis has 
certainly been underestimated and underappreciated 
so far. In contrast to the management of type 1 or type 
2 diabetes mellitus, the endocrinopathy in type 3c is 
very complex. The course of the disease is complicated 
by additional present comorbidities such as maldiges¬ 
tion and concomitant qualitative malnutrition. General 
awareness that patients with known and/or clinically 
overt chronic pancreatitis will develop type 3c diabetes 
mellitus (up to 90% of all cases) is rather good. How¬ 
ever, in a patient first presenting with diabetes mellitus, 
chronic pancreatitis as a potential causative condition 
is seldom considered. Thus many patients are misdiag¬ 
nosed. The failure to correctly diagnose type 3 diabetes 
mellitus leads to a failure to implement an appropriate 


medical therapy. In patients with type 3c diabetes melli¬ 
tus treating exocrine pancreatic insufficiency, preventing 
or treating a lack of fat-soluble vitamins (especially vita¬ 
min D) and restoring impaired fat hydrolysis and incretin 
secretion are key-features of medical therapy. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved. 

Key words: Diabetes mellitus; Chronic pancreatitis; 
Type 3c diabetes; Pancreatogenic diabetes; Pancreatitis 


Core tip: Type 3c diabetes mellitus is more common 
than generally thought. Its prevalence is supposed to 
be among 5%-10% among all diabetics. Most patients 
with type 3c diabetes mellitus suffer from chronic pan¬ 
creatitis as the underlying disease. Misclassification of 
these patients is very common, yet identification of 
these patients is very important due to some special 
diagnostic and therapeutic considerations in this subset 
of patients. Among these are e.g., restoring proper fat 
assimilation, preventing fat-soluble vitamin deficiency 
and early identification of pancreatic cancer patients. 
Specific diagnostic criteria for type 3c diabetes mellitus 
are proposed within this review. 


Ewald N, Hardt PD. Diagnosis and treatment of diabetes mel¬ 
litus in chronic pancreatitis. World J Gastroenterol 2013; 
19(42): 7276-7281 Available from: URL: http://www.wjgnet. 
com/1007-9327/full/vl9/i42/7276.htm DOI: http://dx.doi. 
org/10.3748/wjg.vl9.i42.7276 


INTRODUCTION 

Chronic pancreatitis is a disease characterized by pancre¬ 
atic inflammatory and fibrotic injury resulting in irrevers¬ 
ible parenchymal damage. Progressive nutrient maldiges¬ 
tion and disturbance of the timing and the interactions 
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Table 1 Current classification of diabetes mellitus 


I Type 1 Diabetes Mellitus (p-cell destruction, usually leading to 
absolute insulin deficiency) 

A: Immune mediated 
B: Idiopathic 

II Type 2 Diabetes Mellitus (may range from predominantly insulin 
resistance with relative insulin deficiency to a predominantly 
secretory defect with insulin resistance) 

HI Other Specific Types Of Diabetes Mellitus 
A: Genetic defects of (3-cell function 
B: Genetic defects in insulin action 
C: Diseases of the exocrine pancreas 
1: Pancreatitis 
2: Trauma/pancreatectomy 
3: Neoplasia 
4: Cystic fibrosis 
5: Hemochromatosis 
6: Fibrocalculous pancreatopathy 
7: Others 

D: Endocrinopathies 
E: Drug- or chemical-induced 
F: Infections 

G: Uncommon forms of immune-mediated diabetes 

H: Other genetic syndromes sometimes associated with diabetes 

IV Gestational Diabetes Mellitus 


Source: Ref. [4,5], with permission. 

between nutrient digestion and absorption is observed 
and may lead to severe metabolic derangements. Glucose 
intolerance and diabetes mellitus are observed quite fre¬ 
quently in the course of the disease 11,2 ! 

Development of diabetes mellitus in chronic pan¬ 
creatitis mainly occurs due to the destruction of islet 
cells by pancreatic inflammation. Additionally, nutrient 
maldigestion leads to an impaired incretin secretion and 
therefore to a diminished insulin release of the remain¬ 
ing beta-cells 11 ! In contrast to the autoimmune mediated 
destruction of the beta-cells in type 1 diabetes mellitus, 
glucagon secreting alpha-cells and pancreatic polypeptide 
secreting pancreatic polypeptide-cells are also subject to 
destruction in chronic pancreatitis leading to a complex 
deranged metabolic situation. 

Diabetes mellitus secondary to pancreatic diseases 
(such as chronic pancreatitis) is classified as pancreato¬ 
genic diabetes or type 3c diabetes mellitus according to 
the current classification of diabetes mellitus (Table 1) [4,5 ! 
Whereas the awareness of type 1 and type 2 diabetes 
mellitus is rather good, type 3c diabetes mellitus, how¬ 
ever, is a condition rarely considered in everyday practice. 
Yet, recent data on type 3c diabetes mellitus show that it 
might be more common than generally thought. Studies 
also suggest that this important condition might be con¬ 
sistently under- and misdiagnosed 16 ' ! 

Due to the complex pathophysiology of type 3c 
diabetes mellitus it bears clinical and laboratory features 
which are very distinct from both type 1 and type 2 
diabetes mellitus. This review focuses on diagnosis and 
treatment of diabetes mellitus secondary to chronic pan¬ 
creatitis. 


PREVALENCE OF DIABETES MELLITUS 
SECONDARY TO PANCREATIC DISEASES 
(TYPE 3C) 

In contrast to type 1 and type 2 diabetes mellitus, detailed 
data on the prevalence of type 3c diabetes mellitus hardly 
exist. Some older studies estimate a rather low preva¬ 
lence of about 0.5%-l .15% among all cases of diabetes 
mellitus in North America 18 ' 7 ! Other studies from, e.g., 
Southeast Asia where tropical or fibrocalcific pancreatitis 
is endemic, report a higher prevalence of approximately 
15%-20% of all diabetes mellitus cases 11 "’ 11 ! 

A recent review of the currently available studies on 
this topic proposes a prevalence of 5%-l0% for type 
3c diabetes mellitus among all diabetes mellitus cases in 
Western populations 11- ! Data are mainly based on a large 
retrospective study of 1868 patients at a German Univer¬ 
sity Hospital, where type 3c diabetes mellitus accounted 
for 9.2% of all diabetics 17 ! This emphasizes that previ¬ 
ous older estimates of the prevalence of type 3c diabetes 
mellitus must be inaccurately low. In 78.5% of all patients 
with type 3c diabetes mellitus, chronic pancreatitis was 
identified as the underlying diseases, therefore resembling 
the most important causative condition 1 ! 

The previous underestimation of the prevalence of 
type 3c diabetes mellitus might partly be due to the fact 
that investigation of the pancreas has meanwhile been 
facilitated by new diagnostic procedures. Nowadays it has 
become much easier to detect exocrine pancreatic pa¬ 
thology as imaging methods of the pancreas have clearly 
improved and noninvasive screening methods to quantify 
exocrine pancreatic insufficiency are easily available. 

If chronic pancreatitis accounts for nearly 80% of all 
type 3c diabetes mellitus cases, and if the prevalence of 
type 3c diabetes mellitus is expected to be approximately 
5%-10% of all diabetes mellitus cases, the true preva¬ 
lence of (subclinical) chronic pancreatitis in the general 
population seems to be far underestimated. This might 
especially hold true since chronic pancreatitis has previ¬ 
ously been considered a disease of alcoholism until the 
discovery that it is a multifactorial disease with an impact 
of complex genetic genotypes, smoking, special ana¬ 
tomic conditions, toxic agents and autoimmunity, also 11 ’! 
Up to date quite a few autopsy studies 114 ’ 161 , endoscopic 
ultrasound studies 1171 and exocrine pancreatic function 
studies 1181 report a high frequency of exocrine pancreatic 
injury suggestive of chronic pancreatitis in the general 
population. This further supports the view of an un¬ 
derestimation of chronic (subclinical) pancreatitis in the 
general population. 


DIAGNOSIS OF DIABETES MELLITUS IN 
CHRONIC PANCREATITIS 

As stated above glucose intolerance and diabetes mellitus 
are common in chronic pancreatitis. Diagnosing diabetes 
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Table 2 Proposed diagnostic criteria for type 3c diabetes 
mellitus 


Major criteria (must be present) 

Presence of exocrine pancreatic insufficiency (monoclonal fecal elas 
tase-1 test or direct function tests) 

Pathological pancreatic imaging (endoscopic ultrasound, MRI, CT) 
Absence of type 1 diabetes mellitus associated autoimmune markers 
Minor criteria 

Absent pancreatic polypeptide secretion 
Impaired incretin secretion ( e.g., GLP-1) 

No excessive insulin resistance (e.g., HOMA-IR) 

Impaired beta cell function (e.g., HOMA-B, C-Peptide/glucose-ratio) 
Low serum levels of lipid soluble vitamins (A, D, E and K) 


MRI: Magnetic resonance imaging; CT: Computed tomography; GLP-1: 
Glucagon-like peptide-1; HOMA-IR: Homeostasis model assessment of 
insulin resistance; HOMA-B: Homeostasis model assessment of beta-cell. 

mellitus in a patient with known chronic pancreatitis may 
not be that difficult. Yet, the correct classification of type 
3c diabetes mellitus is often missed and patients are com¬ 
monly misclassified. In a German study only about half 
of the cases of type 3c diabetes mellitus were classified 
correcdy. Type 3c diabetes mellitus patients were mostly 
misclassified as type 2 diabetes 1 / This might be due to 
the very poor awareness of this diabetes type. 

However, another tiring appears even more difficult: 
do not forget to take into account that a patient first 
presenting with diabetes mellitus might have a type 3c 
diabetes mellitus. In any case of a new diabetes mellitus 
manifestation we should truly use the classification crite¬ 
ria defined by the European Association on the Study of 
Diabetes (EASD) and the American Diabetes Associa¬ 
tion (ADA) 14,11 and check for type 3c diabetes mellitus. At 
least if a patient does not fit into the common presenta¬ 
tion and complains about gastrointestinal symptoms the 
physician should be aware of the existence of type 3c 
and initiate further diagnostics. 

Screening for type 3c diabetes mellitus in chronic 
pancreatitis 

Any patient with chronic pancreatitis should of course be 
monitored for the development of type 3c diabetes mel¬ 
litus. The prevalence of diabetes mellitus among patients 
with an established diagnosis of chronic pancreatitis is 
reported to be up to 70% (in chronic calcific pancreatitis 
even up to 90%) [1 '"l Patients with long-standing duration 
of the disease, prior partial pancreatectomy, and early on¬ 
set of calcific disease seem to be at higher risk for devel¬ 
oping type 3c diabetes mellitus. There is a clear increase in 
die prevalence with die duration of chronic pancreatitis 119 ’ 201 . 

The initial evaluation of patients with chronic pancre¬ 
atitis should include fasting glucose and HbAu. These tests 
should be repeated at least annually. Impairment in either 
one requires further evaluation. If testing suggests an im¬ 
paired glucose tolerance, further evaluation by a 75 g oral 
glucose tolerance test is recommended 1211 . A concomitant 
analysis of insulin and/or C-peptide levels may be help¬ 


ful in distinguishing between type 2 and type 3c diabetes 
mellitus 12 " 1 . 

Distinguishing type 3c diabetes from other types 

It is not always easy to diagnose and classify a patient 
with type 3c diabetes mellitus correctly. Long-standing 
type 1 and type 2 diabetes mellitus patients are associ¬ 
ated with exocrine pancreatic failure 1 " 31 and patients with 
diabetes mellitus are at a higher risk for developing acute 
and/or chronic pancreatitis anyway 1 " 4 ’" 11 . Patients with 
previous episodes of pancreatitis may also develop type 
1 or type 2 diabetes independently of their exocrine pan¬ 
creatic disease. In order to classify patients with type 3c 
diabetes mellitus correctly, commonly accepted diagnosis 
criteria should be established. 

In distinguishing between the different diabetes types 
the presence of islet cell antibodies is consistent with 
type 1 diabetes mellitus, and the presence of clinical or 
biochemical evidence of insulin resistance is associated 
with type 2 diabetes mellitus. Due to the lack of com¬ 
monly accepted diagnostic criteria up to date, we propose 
the following criteria for diagnosing type 3c diabetes mel¬ 
litus (Table 2). 

The evaluation of pancreatic polypeptide response 
to insulin-induced hypoglycemia, secretin-infusion or a 
mixed nutrient ingestion might be of additional diagnos¬ 
tic interest as discussed elsewhere 1 " 11 . An absent pancre¬ 
atic polypeptide response is able to distinguish between 
type 3c diabetes mellitus from early type 1 and may also 
distinguish type 3c from type 2, which is characterized 
by elevated pancreatic polypeptide levels 1 " 6 " s l Routinely 
testing of incretin secretion or pancreatic polypeptide 
response in everyday practice, however, does not seem 
feasible. 


TREATMENT OF DIABETES 
MELLITUS SECONDARY TO CHRONIC 
PANCREATITIS 

Managing hyperglycemia 

The derangement in glucose metabolism in type 3c dia¬ 
betes mellitus ranges from a mild impairment to a severe 
form characterized by frequent episodes of hypoglyce¬ 
mia, commonly referred to as brittle diabetes 191 . In type 3c 
diabetes mellitus, blood glucose control may be unstable 
due to the loss of glucagon response to hypoglycemia, 
carbohydrate malabsorption and/or inconsistent eat¬ 
ing patterns due to concomitant pain and/or nausea or 
chronic alcohol abuse. Thus it is generally reported that 
type 3c diabetes mellitus is difficult to control, although 
there are only very few studies in this field 129 ' 301 . Astonish¬ 
ingly, all large clinical trials, including Diabetes Control 
and Complications Trial 1311 and United Kingdom Pro¬ 
spective Diabetes Study 1 ’" 1 specifically excluded patients 
with type 3c diabetes mellitus. 

Currendy, there are no generally accepted guidelines 
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regarding treatment pathways for type 3c diabetes mel- 
litus. Yet, a first step was taken at Pancreas Fest 2012 1 ” 11 . 
The pharmacological agents typically used for the treat¬ 
ment of type 3c diabetes mellitus are the same as for type 
2 diabetes mellitus. The ADA and the EASD recom¬ 
mend metformin as the first-line oral therapy for type 
2 diabetes mellitus 1331 . Therefore many type 3c diabetes 
mellitus patients are initially treated with metformin as a 
drug of first choice. If hyperglycemia is rather mild and 
concomitant insulin resistance is additionally diagnosed 
or suspected, therapy with metformin may be a good 
choice in the absence of contraindications. However, 
metformin treatment might not be tolerated by a majority 
of patients since its main side effects include nausea, ab¬ 
dominal complaints, diarrhea and weight reduction. A pa¬ 
tient with chronic pancreatitis will probably not tolerate 
these symptoms. Since metformin therapy proofs capable 
of reducing the risk of pancreatic cancer by as much as 
70%, however, its anti-diabetic and anti-neoplastic effects 
may be beneficial in patients with type 3c diabetes mel¬ 
litus due to chronic pancreatitis 1 ’ 41 . This holds especially 
true since chronic pancreatitis and diabetes mellitus are 
both well accepted risk factors for the development of 

[35-37] 

pancreatic cancer 

Incretin based therapies [eg, glucagon-like peptide-1, 
(GLP-l-)analogues, dipeptidyl peptidase (DPP)-IV-in- 
hibitors] also enhance insulin secretion. Yet, GLP-1- 
analogues as well as DPP-IV-inhibitors are both associ¬ 
ated with a higher risk of pancreatitis and are reported 
to have a high frequency of prominent gastrointestinal 
side effects {eg., nausea, delayed gastric emptying, weight 
loss) 1381 . Therefore their use should best be avoided at 
present time until their safety is confirmed. A better and 
probably safer way to positively influence the incretin sys¬ 
tem might be a proper supplementation with pancreatic 
enzymes in these patients as discussed below. 

In early type 3c diabetes mellitus, oral therapy with 
insulin segretagogues (sulfonylurea and glinides) may also 
be considered, thiazolidines should be avoided due to 
prominent side effects {eg., bone fractures, fluid reten¬ 
tion, congestive heart disease). 

Chronic pancreatitis, however, must be seen as a 
progressive disorder and many patients will eventually 
require insulin therapy. Patients should then be treated 
using general insulin dosing guidelines as established for 
type 1 diabetes mellitus. In patients with severe malnutri¬ 
tion insulin therapy is commonly used as a therapy of 
first choice. This is due to the desired anabolic effects of 
insulin in this special subset of patients. 

Insulin pump therapy may also be considered for pa¬ 
tients who experience a brittle form of diabetes mellitus 
despite being sufficiendy motivated. 

As it is in the other diabetes types, initial treatment 
should include all efforts to correct lifestyle factors which 
contribute to hyperglycemia and the risk of pancreatic 
malignancy {eg., abstinence from alcohol and smoking 
cessation, weight loss in overweight subjects, physical ex¬ 
ercise and dietary modifications). 


Managing exocrine pancreatic insufficiency 

Many patients with chronic pancreatitis manifest some 
degree of fat malabsorption, regardless of the presence 
of symptoms. In patients with type 3c diabetes mellitus 
exocrine pancreatic insufficiency is nearly ubiquitous 
present. Since clinically overt steatorrhea is usually not 
observed until over 90% of exocrine pancreatic func¬ 
tion have vanished, exocrine pancreatic insufficiency and 
maldigestion might remain undetected. However, the 
relevant maldigestion, which is present in the majority of 
patients with chronic pancreatitis, may cause qualitative 
malnutrition. This is especially important concerning the 
absorption of fat-soluble vitamins (A, D, E and K). 

Very recent studies show a vitamin D deficiency in 
> 90% of patients with chronic pancreatitis 13 ’' 4 " 1 . Ad¬ 
ditionally a significant correlation of exocrine pancreatic 
insufficiency and osteoporosis and/or alterations in bone 
metabolism can be observed 141 ' 4 ” 1 . 

Further considering the possible role of vitamin D 
deficiency in the pathogenesis of type 1 diabetes mellitus 
and the association of low vitamin D levels and poor 
glycemic control in observational studies 14 ’’ 441 , qualitative 
malnutrition of vitamin D in patients with type 3c dia¬ 
betes mellitus seems of clinical importance. Measuring 
serum-25-hydroxyvitamin D levels and supplementing 
deficient patients might thus be beneficial. 

The incretin system may play another crucial role 
in the metabolic control of type 3c diabetes mellitus. 
The regulation of the beta-cell mass and the physiologi¬ 
cal incretin secretion are directly dependent on normal 
exocrine pancreatic function and fat hydrolysis. Chronic 
pancreatitis and exocrine dysfunction have been associ¬ 
ated with a functional impairment of the incretin system. 
Impaired GLP-1 secretion, however, can by normalized 
by pancreatic enzyme supplementation as previously de- 
scribed 13 ' 45 ' 461 . 

Adequate oral pancreatic enzyme replacement there¬ 
fore seems very important in type 3c diabetes mellitus. 
Besides helping to control symptoms of steatorrhea, it 
also seems capable of preventing qualitative malnutrition 
and metabolic complications. 


CONCLUSION 

Type 3c diabetes mellitus is a clinically important disease 
with a prevalence of 5%-10% among all patients with 
diabetes mellitus. The prevalence and clinical importance 
of this condition has been underestimated and underap¬ 
preciated in the past. 

Most patients with type 3c diabetes mellitus suffer 
from chronic pancreatitis as the underlying disease. The 
prevalence of (subclinical) chronic pancreatitis might 
also been underestimated as some studies suggest. Rec¬ 
ognizing a diabetic state in patients with known chronic 
pancreatitis is obligatory. Patients should undergo screen¬ 
ing tests in order to detect hyperglycemia early. Fasting 
glucose, HbAic and 75 g oral glucose tolerance testing are 
appropriate diagnostic tools. When diagnosing diabetes 
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mellitus in patients with chronic pancreatitis, physicians 
should be aware of the existence of type 3c diabetes mel* 
litus and should classify this condition correctly as pan¬ 
creatogenic diabetes or type 3c diabetes mellitus. 

To identify a (subclinical) chronic pancreatitis as the 
underlying condition of patients with the established 
diagnosis of diabetes mellitus certainly is the greater chal¬ 
lenge in everyday practice. This is due to the fact that 
most physicians are not aware of type 3c diabetes melli¬ 
tus und (subclinical chronic) pancreatitis does not neces¬ 
sarily present in a clinically impressive manner. A patient 
with unspecific gastrointestinal complaints and diabetes 
mellitus should therefore always prompt further diagnos¬ 
tics with regard to type 3c diabetes mellitus. 

Identifying patients with type 3c diabetes is impor¬ 
tant since the endocrinopathy in type 3c diabetes is very 
complex and complicated by additional present comor¬ 
bidities such as maldigestion and concomitant qualitative 
malnutrition. Specific diagnostic criteria are proposed 
above (Table 1). The failure to correctly diagnose type 3c 
diabetes mellitus leads to failure to implement an appro¬ 
priate medical therapy. It is mandatory to treat pancre¬ 
atic exocrine insufficiency in these patients even if clear 
clinical symptoms such as steatorrhea or gastrointestinal 
complaints are missing. Adequate pancreatic enzyme 
supplementation therapy might for once help preventing 
a lack of fat-soluble vitamins (especially vitamin D). Ad¬ 
ditionally it might exert beneficial effects on the impaired 
incretin release in patients with chronic pancreatitis. Fur¬ 
thermore one has to realize that type 3c diabetes mellitus 
due to chronic pancreatitis might be referred to as a pre- 
malignant condition since both diseases are well accepted 
risk factors for the development of pancreatic cancer. 
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Abstract 

Despite multiple theories on the pathogenesis of pain in 
chronic pancreatitis, no uniform and consistently suc¬ 
cessful treatment strategy exists and abdominal pain 
still remains the dominating symptom for most patients 
and a major challenge for clinicians. Traditional theories 
focussed on a mechanical cause of pain related to ana¬ 
tomical changes and evidence of increased ductal and 
interstitial pressures. These observations form the basis 
for surgical and endoscopic drainage procedures, but 
the outcome is variable and often unsatisfactory. This 
underscores the fact that other factors must contrib¬ 
ute to pathogenesis of pain, and has shifted the focus 
towards a more complex neurobiological understand¬ 
ing of pain generation. Amongst other explanations for 
pain, experimental and human studies have provided 
evidence that pain perception at the peripheral level 
and central pain processing of the nociceptive informa¬ 
tion is altered in patients with chronic pancreatitis, and 


resembles that seen in neuropathic and chronic pain 
disorders. However, pain due to e.g., complications to 
the disease and adverse effects to treatment must not 
be overlooked as an additional source of pain. This re¬ 
view outlines the current theories on pain generation in 
chronic pancreatitis which is crucial in order to under¬ 
stand the complexity and limitations of current thera¬ 
peutic approaches. Furthermore, it may also serve as 
an inspiration for further research and development of 
methods that can evaluate the relative contribution and 
interplay of different pain mechanisms in the individual 
patients, before they are subjected to more or less em¬ 
pirical treatment. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved. 

Key words: Chronic pancreatitis; Abdominal pain; Pain 
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Core tip: Pain management in chronic pancreatitis of¬ 
ten remains unsatisfactory. An overview of the current 
theories on pain generation in chronic pancreatitis is 
crucial in order to understand the complexity and limi¬ 
tations of current therapeutic approaches. Also, optimal 
treatment will only be achieved on the basis of a better 
understanding of these mechanisms. Furthermore, this 
review may serve as an inspiration for future research 
and development of methods that can determine the 
relative contribution of different mechanisms to the 
"collective" abdominal pain, before patients are sub¬ 
jected to more or less empirical treatment. 
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INTRODUCTION 

Abdominal pain is the most significant symptom and a 
major clinical challenge in chronic pancreatitis (CP). It 
is present in up to 90% of the patients and the primary 
cause of hospitalization 111 . Pancreatic pain is character¬ 
istically described as a constant, severe, dull, epigastric 
pain that often radiates to the back and typically worsens 
after high-fat meals. However, many different pain pat¬ 
terns have been described, ranging from no pain to re¬ 
current episodes of pain and pain free intervals, to con¬ 
stant pain with clusters of severe exacerbations 12 '’ 1 . In the 
often cited Zurich series, pain was reported to decrease 
over time, coinciding with the occurrence of exocrine 
insufficiency, which led to the “burn-out” hypothesis of 
pain in CP 1M1 . However, evidence against this hypoth¬ 
esis was subsequently provided in two large prospective 
studies 15 ’ 61 , where no association between the duration 
of CP and the quality or frequency of pain was found. 
Today the “burn-out” hypothesis is regarded obsolete 
by most clinicians, and even though a few patients may 
experience spontaneously pain relief, pain in the majority 
of patients is unpredictable and has a substantial impact 
on physical and mental quality of life, employment and 
health care expenses 15 " 81 . 

The etiology of pain in CP is increasingly better 
understood and likely involves multiple mechanisms. 
Traditional theories focused on the role of local pathol¬ 
ogy within or in close proximity to the pancreas, as the 
main generator of pain, but since the late 1990’s there 
has been a shift towards a neurobiological understand¬ 
ing of pain in CP. Accordingly, there is solid histological 
and neurophysiological evidence for an abnormal pain 
processing in many of these patients 11,91 . Various mecha¬ 
nisms responsible for this altered pain processing have 
been proposed, among them sensitization of the periph¬ 
eral and central nerves, reorganization of the cerebral 
cortex and alterations in pain control systems. In addi¬ 
tion, local complications (such as pancreatic pseudocysts 
and duodenal and/or bile duct obstruction) and adverse 
effects to treatment also contribute to the complex 
symptomatology in many patients and is an often a ne¬ 
glected problem in the clinical settings. Also, it has been 
shown, that the clinical pain pattern varies with the etiol¬ 
ogy of CP, and hypothesized that different pathogenic 
mechanisms of pain are associated with or predominates 
depending on etiology 12 ’ 41 , but so far it is not possible to 
correlate pain mechanism and clinical pain pattern to the 
etiology of CP uniformly. 

The aim of this review is to highlight current theories 
regarding the pain mechanisms in CP. This is important 
in order to understand the complexity of this debilitating 
disease and why pain management is often insufficient. 
Also, optimal treatment will only be achieved on the ba¬ 
sis of a better understanding of the mechanisms under- 
lying pain in CP 11 " 1 . There is a variety of potential pain 
mechanisms that needs to be taken into consideration 
(Figure 1), but in this review we present for simplicity 


a schematic division of the pain mechanisms into five 
main categories as an easy-to-remember overview (Table 
1 ). 


"PLUMBING" PROBLEMS 

The mainstay of pain treatment in CP has for many 
years focused on the pancreatic gland based on the as¬ 
sumption, that pain is generated by increased pressure in 
the pancreatic duct or in the pancreatic parenchyma 1 " 1 . 
This mechanistic understanding of pain, termed the “the 
plumbing theory”, has been the most widely accepted 
theory regarding the cause of pain and it is the theoreti¬ 
cal background of most interventions including surgical 
and endoscopic drainage procedures 1 " 1 . 

Pancreatic duct hypertension and pain 

A direct relationship between pancreatic duct hyperten¬ 
sion and pain was reported for the first time in a case 
report by White et tf/ 1 ’ 1 . A patient undergoing open ne- 
crosectomy following acute necrotizing pancreatitis had 
a drainage catheter placed in a fistula tract communicat¬ 
ing with the pancreatic duct. He reproducibly developed 
pain after saline infusion when the ductal pressure ex¬ 
ceeded 25 mmHg [13 l Inspired by this finding, subsequent 
studies attempted to compare ductal pressure measure¬ 
ments in CP patients and other patient groups. Many of 
these studies were flawed by inappropriate comparison 
of intraoperative pressure measurements in CP patients 
to endoscopic pressure measurement in controls. Ac¬ 
cordingly, only a few studies have compared ductal pres¬ 
sure using the same technique in patients and controls. 
Based on intraoperative measurement of pancreatic duct 
pressure, significantly increased pressures were evident in 
patients with CP undergoing a surgical pancreatic drain¬ 
age procedure compared to patients undergoing surgery 
for gastric cancer 1141 . Moreover, in a study comparing 
endoscopic manometry of the pancreatic duct, CP pa¬ 
tients had evidence of ductal hypertension compared to 
controls 1 '"’ 1 . Other studies based on endoscopic manom¬ 
etry have, however, not documented ductal hypertension 
in CP, and the only study comparing CP patients by the 
presence or absence of pain demonstrated no differ¬ 
ence in pressure levels 1 "’"""l In addition, the pathological 
mechanism by which increased ductal pressure causes 
pain in CP is not clear and, taken together, the link be¬ 
tween ductal hypertension and pain in CP remains hypo¬ 
thetical. 

Pancreatic parenchymal hypertension and pain 

Measurement of intrapancreatic pressure was pioneered 
by Ebbehoj et tf/" 1 , who developed a technique based on 
a needle probe inserted directly into the pancreatic pa¬ 
renchyma. Measurements were employed directly intra- 
operatively or by using a percutaneous procedure guided 
by ultrasonography 1 "" 11 . In 39 patients with CP, they found 
that the intrapancreatic pressure was higher in patients 
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Wiring problems-central 

Central sensitization (spinal) 


Plumbing problems 

Pancreatic duct hypertension 
Pancreatic parenchymal hypertension 
Pancreas morphology 


Pancreatic and extrapancreatic complications 

Pseudocysts 

Duodenal or/and bile duct obstruction 
Peptic ulcer 

Splenic vein thrombosis 


Wiring problems-central 

Functional reorganization 
Central sensitization (cortical) 


Adverse effects to treatment 

Opioid induced bowel dysfunction 
Complications to surgery and endoscopic therapy 
Bacterial overgrowth due to changed bowel motility 


Wiring problems-central 

Impaired inhibitory pain modulation 


Additional causes 

CCK elevation 

Increased norepinephrine levels 
Mesenteric ischemia (type 3c diabetes) 
Diabetic neuropathy (type 3c diabetes) 


Wiring problems-peripheral 

Pancreatic nociception 

Pancreatic neuropathy and neuroplasticity 


Figure 1 Pain mechanisms in chronic pancreatitis. The source of pain in chronic pancreatitis is complex and almost certainly multifactorial, and the relative contri¬ 
bution of different factors can be difficult to determine in the individual patient. See manuscript for further details. Modified from Demir et a/ 871 . CCK: Cholecystokinin. 


with pain than in patients without pain, and this intra- 
pancreatic hypertension was reversed following surgical 
drainage 1 ”” 1 . At one-year follow-up, patients with recur¬ 
rent pain had a rebound of intrapancreatic hypertension, 
while patients who remained pain free continued to have 
normal intrapancreatic pressures 12 ’ 1 . Although intrigu¬ 
ing, these findings were not reproduced by a subsequent 
study in which no relation between intrapancreatic pres¬ 
sure and pain was found 1 ” 41 . 

The pathophysiological link between intrapancre¬ 
atic hypertension and pain has been explained as a 
“compartment-like syndrome” induced by fibrosis of 
the pancreatic parenchyma and peripancreatic capsule 121 . 
During secretory stimulation in an animal model of CP, 
increased interstitial pressures, diminished blood flow 
and ensuing tissue acidosis were documented 1 ” 51 . The 
latter was possibly secondary to ischemia, thus mimick¬ 
ing the pathophysiology underlying muscular compart¬ 
ment syndrome. Although no pain data were collected 
in this experiment, it is plausible that acidosis may have 
caused pain by activation of the transient receptor po¬ 
tential vanilloid-1, which is a nociceptor found to be up 
regulated in CP and other conditions characterized by 
neurogenic inflammation 1 ” 6 ’" 1 (described further below). 
However, it must be highlighted that these findings have 
never been reproduced in a human study and needs con¬ 
firmation. 

Pancreas morphology and pain 

In clinical practice, measurement of ductal or intrapan¬ 
creatic pressure is not routinely performed and most 

if 
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decisions regarding surgery or endotherapy to relieve 
pain rely on morphological abnormalities of the pan- 
creas '” . However, the relationship between ductal 
or intrapancreatic pressure and pancreatic morphology 
is ambiguous 1 ” 11 . Furthermore, in a very recent study 
by Frokjaer et aP 0] magnetic resonance cholangiopan¬ 
creatography including diffusion weighted imaging was 
obtained in 23 patients with painful CP and 17 controls. 
Compared to traditional imaging techniques {i.e., endo¬ 
scopic retrograde cholangiopancreatography, magnetic 
resonance cholangiopancreatography, computed tomog¬ 
raphy, and endoscopic ultrasound), which mainly focus 
on atrophy and ductal pathology, this modality also 
provides a measure of fibrotic changes in the pancreatic 
gland 1 ’ 11 . Interestingly, the authors found no association 
between degree of pathological imaging (fibrosis, atro¬ 
phy, and ductal pathology) and pain. However, pancre¬ 
atic atrophy and ductal pathology were associated with 
diabetes {i.e., more severe atrophy in patients with high 
levels of glycated hemoglobin), and low levels of phos¬ 
phate and hemoglobin. 

Taken together, pathological pancreatic morphology 
does not necessarily reflect the burden of pain in CP. 
Nowhere is this observation made more obvious, than 
by the patient who undergoes total pancreatectomy for 
painful CP and still continues to suffer from pain 1 ' 11 . 


"WIRING" PROBLEMS 

Lesions to intrapancreatic nerves and their impact on 
the pathogenesis of pain in CP have been the focus of 
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Table 1 Pain mechanisms in chronic pancreatitis 

Main category 

Proposed mechanism/source 

Ref. 

Plumbing problems 

Pancreatic duct hypertension 

[14,16,20] 


Pancreatic parenchymal hypertension 

[21-23] 


Pancreas morphology 

[29,30] 

Wiring problems 

Peripheral nociception 

[35-37] 


Pancreatic neuropathy 

[41,42,44] 


Central mechanisms of pain 

[50,52,53,56] 

Pancreatic and extrapancreatic complications 

Pseudocysts 

[62,64] 


Duodenal obstruction 

[66] 


Bile duct obstruction 

[66,67] 


Peptic ulcer 

[71,72] 


Splenic vein thrombosis 

[75,78] 

Adverse effects to treatment 

Opioid induced bowel dysfunction 

[79] 


Complications to surgery and endoscopic therapy 

[12] 


Bacterial overgrowth due to changed bowel motility 

[81] 

Additional causes 

CCK elevation 

[82] 


Increased norepinephrine levels 

[85] 


Diabetic neuropathy (type 3c diabetes) 

[86] 


Mesenteric ischemia 1 



Complications to and/or possible concomitant diseases. CCK: Cholecystokinin. 


a substantial amount of research past 25 years. The In¬ 
ternational Association for the Study of Pain recendy 
changed its definition of neuropathic pain to “pain 
caused by a lesion or disease of the somatosensory sys¬ 
tem” 13-1 . In the context of pain and CP there is emerging 
histological and neurophysiological evidence of such 
lesions to peripheral nerves in the pancreatic gland and 
coincident aberrant central pain processing. Three as¬ 
pects of the neural basis of pain in CP are usually con¬ 
sidered: Peripheral nociception, pancreatic neuropathy 
and central mechanisms of pain. 

Peripheral nociception 

A nociceptor is a sensory nerve cell capable of inte¬ 
grating and transducing nociceptive stimuli into pain 
signals 1 ” 1 . Nociception begins with the primary afferent 
nerves, whose cell bodies lies in the dorsal root ganglia 
next to the spinal cord. They have two branches-one 
terminating in the target tissue and one that ends in the 
dorsal horn of the spinal cord. The peripheral nerve 
endings sense tissue injury or pain stimuli via a variety 
of receptors, which respond to physical or chemical 
factors in their surroundings 1 ' -1 . Depending on the excit¬ 
ability of the neural membrane, the stimulus leads to an 
action potential, which travels to the spinal end of the 
nerves in the dorsal horn. Here it triggers the release 
of neurotransmitters, which cross the synapse and act 
on secondary neurons and transmit the stimulus to the 
brain through diverse pathways, ultimately resulting in 
the sensation of pain. 

Currently, it is unknown what actually activates the 
intrapancreatic nociceptors in humans. However, in¬ 
creased expression of the transient receptor potential 
vanilloid-1 has been demonstrated in an animal model 
of CP 1 ’ 41 , as well as in humans, although no correlation 
to pain was seen 1351 . Furthermore, studies on nociceptive 
activation markers, i.e., neurotransmitters secreted by 


activated afferents, especially the large family of neuro¬ 
trophic factors, are gaining increasing attention. Among 
others, both nerve growth factor and brain-derived neu¬ 
rotrophic factor have been shown to be upregulated in 
CP patients 136 ’ 371 , as well as many other proinflammatory 
cytokines, and in some cases this upregulation has been 
associated with increased pain intensity and/or frequen¬ 
cy (for a review see 121 ). 

These changes render the nociceptors more sensitive 
to further stimulation, so that there can be a reduction in 
the threshold for activation, an increase in the response 
to a given stimulus, or the appearance of spontaneous 
activity 138 ’ 391 . This sensitization, called peripheral sensiti¬ 
zation, results in an increased barrage of pain signals to 
the spinal cord 1 '" 1 . 

Taken together, several articles have demonstrated 
upregulation signaling molecules involved in inflamma¬ 
tion and pronociceptive mediators, but also neurotrophic 
factors in CP. The trophic nature of the nociceptive 
activation markers further suggests a link between this 
altered nociception and the neuropathy of CP described 
below. 

Pancreatic neuropathy 

Increased neural density and hypertrophy, sprouting and 
neuritis of the intrapancreatic nerves, as well as activa¬ 
tion of glia and immune cells have also been reported in 
pancreatic tissue from CP patients 141 " 4 ’ 1 . These changes, 
collectively known as neuropathy, have been strongly 
associated with clinical pain scores, and thus suggests 
to be an important factor in the pathogenesis of pain 
in CP 1 ""' 4 ’'’ 441 . Autonomic innervation, especially sympa¬ 
thetic, is also decreased 1431 , and has been correlated with 
abdominal pain. 

Overall, substantial evidence supports the notion that 
pancreatic neuropathy leads to a remodeling of the intra¬ 
pancreatic innervation, a concept known as pancreatic 
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neuroplasticity, which is likely an important factor in the 
pathogenesis of pain in CP. 

Central mechanisms of pain 

A sustained and increased peripheral nociceptive drive 
may result in an increased responsiveness of central pain 
transmitting neurons. This phenomenon is known as 
central sensitization, and refers to an increased synaptic 
efficiency established in sensory neurons in the dorsal 
horn of the spinal cord (and/or at supraspinal sites), fol¬ 
lowing intense peripheral noxious stimuli, tissue injury, 
or nerve damage 145 ' 41 ’ 1 . The end result is pain, which is no 
longer coupled to the presence, intensity, or duration of 
noxious peripheral stimuli 14 1 Clinically these changes 
manifests as allodynia (a painful response to stimuli not 
normally painful), hyperalgesia (increased sensitivity to 
painful stimuli) and secondary hyperalgesia (a receptive 
field expansion that enables input from non-injured tis¬ 
sue to produce pain) [451 . 

Several studies have reported findings compatible 
with central sensitization in CP. Patterns of referred 
pain can be examined to assess central sensitization, as 
viscera-somatic convergence between peripheral nerves 
occurs at the spinal cord and higher levels of the central 
nervous system. Hence, visceral sensitivity of the upper 
gastrointestinal organs (sharing spinal innervation with 
the pancreatic gland) serves as a proxy of spinal sensi¬ 
tization 145 '" 1 . In one study, increased areas of referred 
pain to electrical stimulation of the esophagus, stomach, 
and duodenum was reported in CP patients compared 
to controls 15 " 1 . Other studies reported decreased pain 
thresholds to visceral stimulation of the rectosigmoid 
as well as somatic stimulation of muscle and bone 151,521 . 
Taken together, these findings characterize a generalized 
hyperalgesic state of the pain system and likely mirrors 
widespread sensitization of the central nervous system 
as seen in many other chronic pain disorders 14 ’ 1 . 

From the spinal cord, visceral afferents are projected 
to cortical and subcortical structures of the brain. Ex¬ 
perimental pain studies, based on somatic stimulation 
of the epigastric skin area (sharing spinal segmental in¬ 
nervation with the pancreatic gland) as well as visceral 
stimulation of the upper and lower gut with concomitant 
recording of evoked brain potentials and brain source 
localization, have indicated that chronic pain and hyper¬ 
algesia is associated with functional reorganization of the 
cerebral cortex 1 ’"'”” 1 . Hence, compared to healthy con¬ 
trols CP patients show reorganization of the brain areas 
involved in visceral pain processing including the insula, 
secondary somatosensory cortex and cingulate cortex 
similar to what is seen in phantom pain 1 ” 1 . Interestingly, 
insular reorganization was associated with clinical pain 
intensity. In addition to reorganization of the brain areas 
involved in visceral pain processing, the excitability of 
these neural networks is abnormal with evidence of im¬ 
paired habituation to noxious stimuli, possibly reflecting 
a neuronal hyperexcitability (/.<?., cortical sensitization) 1551 . 

The structural correlate of functional cortical reor¬ 


ganization and hyperexcitability is found in studies based 
on advanced magnetic resonance imaging (MRI). In one 
study using diffusion weighted MRI, microstructural 
changes in the insular and frontal brain areas was associ¬ 
ated with clinical pain intensity and functional scores 1561 . 
Patients with a constant pain pattern demonstrated the 
most severe microstructural abnormalities compared to 
patients with an attack-wise pain pattern. This translates 
well to the clinic where patients with constant pain was 
recently reported to have the most reduced quality of 
life and functioning 161 . In another MRI study based on 
cortical volumetry, brain areas involved in visceral pain 
processing was shown to have a reduced thickness 1571 . 
This finding suggests a central neurodegenerative re¬ 
sponse to severe and sustained pain. 

The pain system has several inherent mechanisms 
whereby inflowing pain signals can be modulated. In 
particular, modulation of spinal pain transmission from 
the brainstem and higher cortical areas has been subject 
to increased interest during the last decades. Descending 
pain modulation where the brain can exert a downstream 
gating of the incoming spinal activity can lead to either 
an increase in the spinal transmission of pain impulses 
(facilitation) or a decrease in transmission (inhibition). 
The balance between these states ultimately determines 
the quality and strength of the pain signals perceived by 
the brain. Alterations in the state of descending modu¬ 
lation from inhibition towards facilitation have been 
implicated in the transition of acute into chronic and 
neuropathic pain. In the context of pain and CP, im¬ 
paired descending inhibitory pain modulation has been 
reported in studies based on experimental human pain 
models 152,581 . In addition, brainstem facilitation has been 
reported to maintain pancreatic pain in an animal model 
of CP [59] . 

Taken together, several lines of evidence indicate 
that central pain processing is abnormal in CP. However, 
it is difficult to determine whether these central abnor¬ 
malities are maintained by a sustained nociceptive drive 
from the pancreatic gland or whether they have become 
independent of peripheral input. In favor of the latter, a 
recent pilot project documented generalized hyperalgesia 
(a clinical measurable proxy of central sensitization) to 
be associated with failure of thoracoscopic splanchnic 
denervation 1< " 1 . The authors concluded that in patients 
with hyperalgesia and failure to denervation, the disease 
has advanced and the generation of pain becomes self- 
perpetuating and independent of the initial peripheral 
nociceptive drive. However, these findings need confir¬ 
mation in larger and longitudinal studies. 


PANCREATIC AND EXTRAPANCREATIC 
COMPLICATIONS 

Although questions still remain, “plumbing” and “wir- 
ing” problems are probably important generators of 
pain in CR Nevertheless, pain due to complications to 
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the disease is also likely to contribute, and should not 
be overlooked, when evaluating the origin of abdominal 
pain in CP patients. 

Pseudocysts 

Pancreatic pseudocysts are relatively common in CP 
with estimated incidence rates of 20%-40% [61 ’ 6-1 , how¬ 
ever, there is a lack of precise data based on long term 
follow-up. Yet, due to the chronic nature of the disease, 
CP patients are at high risk of developing pseudocyst 
in the course of their disease 16 ’ 1 . The exact pathogenesis 
of pseudocyst formation in CP is not known, but it has 
been proposed, that blockage of the major branch of 
the main pancreatic duct, and ongoing pancreatic se¬ 
cretion proximal to the obstruction leads to a saccular 
dilatation of the duct. This is then filled with pancreatic 
juice resulting in a pseudocyst 16 " 1 . The range of symp¬ 
toms is wide-from asymptomatic to severe abdominal 
pain dependent on etiology, localization, and size 164,631 . 

Duodenal and bile duct obstruction 

Advanced CP is characterized by replacement of the 
pancreatic parenchyma with fibrous tissue. Due to the 
close anatomical relationship of the common bile duct 
and the second part of the duodenum with the head 
of the pancreas, fibrosis can exert extrinsic pressure on 
these structures. The end result is mechanical obstruc¬ 
tion of the common bile duct and duodenum 166 ' 6 1 

The clinical presentation of duodenal and bile duct 
obstruction is variable and can be asymptomatic 166-661 . 
Postprandial abdominal pain, early satiety and nausea 
are the most common symptoms of duodenal obstruc¬ 
tion, while pain and abnormal liver function tests are 
suggestive of bile duct stenosis and cholangitis 1611 . The 
mechanisms underlying such “obstructive pain” are un¬ 
clear and one study concluded that bile duct obstruction 
without cholangitis is not the cause of pain in patients 
with CP 1 ™ 1 . 

Peptic ulcer 

Upper abdominal pain is a prominent symptom in pa¬ 
tients with peptic ulcer. Previous studies have demon¬ 
strated, that the prevalence of duodenal ulcer is high in 
patients with CP (ranges from 3.6% to 37.5%) [5 ' 71,7 " 1 . The 
reason for the higher prevalence is unclear and many 
hypotheses have been suggested, including higher preva¬ 
lence of Helicobacter pylori infection 1 1] , increased gastric 
acid secretion 13 ’ 741 , and insufficient pancreatic exocrine 
function which reduces bicarbonate secretion and de¬ 
creases duodenal pH 1 "l Furthermore, changes in gastric 
and intestinal blood flow due to previous acute pancre¬ 
atitis may also be of importance. 

As peptic ulcer can be asymptomatic, the high 
prevalence may be a result of a “detection bias” due to 
intensive search for the “origin” of epigastric pain in a 
selected group of patients. Patients with CP are more 
likely to undergo an upper gastrointestinal endoscopy, 
and therefore ulcers with atypical or no symptoms may 


be included, causing a higher prevalence than in the 
background population 1 

Under all circumstances, peptic ulcer may contribute 
to or be the reason for abdominal pain in CP patients 
and therefore diagnostic upper gastrointestinal endos¬ 
copy should be considered on wide indications. 

Splenic vein thrombosis 

The splenic vein runs along the posterior surface of the 
pancreas and may be affected by inflammation in the 
pancreatic gland, leading to thrombosis and abdominal 
pain. Because most patients are asymptomatic the inci¬ 
dence of splenic vein thrombosis in CP is not known 1751 , 
but incidence from 4% [76 ’ 1 to 45% [771 have been reported. 
Only few studies address the issue, but in one of the 
largest studies on splenic vein thrombosis in CP, 266 
patients were investigated prospectively for a mean time 
of 8.2 years 1781 . Splenic vein thrombosis was found in 22 
patients (8.3%), but was only symptomatic in two pa¬ 
tients. Hence, the role of splenic vein thrombosis in the 
pathogenesis of pain in CP is still questionable. 


ADVERSE EFFECTS TO TREATMENT 

In many CP patients, strong opioids are often necessary 
to relieve pain. Unfortunately, opioids have the potential 
to produce substantial gastrointestinal adverse effects, 
including constipation, reflux, nausea and abdominal 
pain-a phenomenon known as opioid-induced bowel 
dysfunction 1 ’l In a study on the prevalence of gastro¬ 
intestinal symptoms in patients treated with opioids for 
non-cancerous diseases, chronic abdominal pain was 
reported in 58% of the patients 16 " 1 . Hence, opioid con¬ 
sumption may confuse the clinical picture in CP and 
worsen or contribute significantly to abdominal pain. 
Medications that change bowel motility may also con¬ 
tribute to the bacterial overgrowth that is reported in up 
to 40% of the patients 16 * 1 . This may manifest as abdomi¬ 
nal distension and pain. 

In addition to side effects to medical therapy, com¬ 
plications to surgical end endoscopic therapy may cause 
pain in a number of patients. These may include post¬ 
operative adhesions, ductal and parenchymal trauma, 
pancreatic and bile duct strictures, and complications to 
pancreatic stenting-all of which may result in abdominal 
pain. However, the relative contribution to abdominal 
pain due to surgical complications in CP is difficult to 
assess, and as far as the authors are aware of, no studies 
have examined this. 


ADDITIONAL CAUSES FOR PAIN 

The above mentioned theories and mechanisms of pain 
are considered the most common and well-founded by 
the authors, but other rarer, less well examined causes, 
and complications to concomitant and comorbid diseas¬ 
es may also play in role in pain generation. A thorough 
evaluation of all these plausible causes is beyond the 
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scope of this review, but the reader is referred Table 1 
for an overview. 

However, elevated cholecystokinin (CCK) levels and 
increased sympathetic activity deserves to be mentioned 
separately as an additional cause of pain in CP. It has 
been shown, that CCK levels are elevated threefold in 
some early pancreatitis patients compared to controls 1821 . 
This may generate pain by increasing the pressure in the 
pancreatic duct, but also through direct activation of 
nociceptive pathways in the central nervous system 18 ’ 1 . In 
one placebo-controlled, multicentre trial including 207 
patients with chronic pancreatitis, an oral CCK receptor 
antagonist significantly decreased pain over placebo, al¬ 
though the placebo response was 30% I841 . However, fur¬ 
ther research into CCK antagonists has been hampered 
by concerns about induction of exocrine insufficiency 
and gallstones 1 " 1 . 

Although limited by a small number of patients, 
Buscher et i?/ 8 ” 1 showed significantly lower pain tolerance 
thresholds to pressure pain in dermatome T10 (pancre¬ 
atic dermatome) in CP patients with increased norepi¬ 
nephrine levels compared to CP patients with normal 
norepinephrine levels, suggesting that sympathetic activ¬ 
ity may play a role in these patients pain processing. 


CONCLUSION 

Intense abdominal pain is a dominant feature of CP and 
it is associated with poor mental and physical quality of 
life. Basic studies of pancreatic nerves and experimental 
human pain research have provided evidence that pain 
processing is abnormal in these patients and in many cas¬ 
es resembles that seen in neuropathic and chronic pain 
disorders. This neurobiological view of pain is somewhat 
in opposition to the traditional view of pain etiology in 
CP, where pain was assumed to arise from pathology in 
or in close proximity to die pancreatic gland. However, 
these theories are not mutually exclusive, and aspects of 
both may contribute in the generation and perpetuation 
of pain. In addition, adverse effects and complications 
to medical and interventional therapies may account for 
a substantial morbidity in many patients and should be 
considered as an additional source of pain. Therefore, it 
is important to consider the different mechanisms, when 
evaluating the origin of pain in CP patients (Figure 1), 
and it is plausible that the “collective” abdominal pain is 
a result of a complex interplay of several mechanisms. 
This novel and multifaceted understanding of pain etiol¬ 
ogy in CP requires a paradigm shift in pain management. 
Hence, modern mechanism based pain treatments taking 
into account especially altered pain processing are likely 
to increasingly replace traditional invasive therapies. In 
addition, the improved understanding of pain etiology 
will likely pave the way for new treatment modalities. 
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Abstract 

Intense abdominal pain is a prominent feature of 
chronic pancreatitis and its treatment remains a major 
clinical challenge. Basic studies of pancreatic nerves 
and experimental human pain research have provided 
evidence that pain processing is abnormal in these 
patients and in many cases resembles that seen in 
neuropathic and chronic pain disorders. An important 
ultimate outcome of such aberrant pain processing is 
that once the disease has advanced and the patho¬ 
physiological processes are firmly established, the 


generation of pain can become self-perpetuating and 
independent of the initial peripheral nociceptive drive. 
Consequently, the management of pain by traditional 
methods based on nociceptive deafferentation ( e.g ., 
surgery and visceral nerve blockade) becomes dif¬ 
ficult and often ineffective. This novel and improved 
understanding of pain aetiology requires a paradigm 
shift in pain management of chronic pancreatitis. 
Modern mechanism based pain treatments taking into 
account altered pain processing are likely to increas¬ 
ingly replace invasive therapies targeting the nocicep¬ 
tive source, which should be reserved for special and 
carefully selected cases. In this review, we offer an 
overview of the current available pharmacological op¬ 
tions for pain management in chronic pancreatitis. 
In addition, future options for pain management are 
discussed with special emphasis on personalized pain 
medicine and multidisciplinarity. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved. 

Keywords: Chronic pancreatitis; Pain; Treatment; 
Pharmacology; Analgesics; Adjuvant analgesics 


Core tip: Pharmacological pain management in chronic 
pancreatitis is complicated and requires a multidisci¬ 
plinary approach. Identification of risk factors associ¬ 
ated with disease progression and evaluation of extra 
pancreatic causes of pain and complications is essential 
in all patients. Analgesics are typically titrated accord¬ 
ing to the World Health Organization ladder principle, 
but in some situations a top-down approach may be 
useful to control pain and avoid sensitization of central 
pain pathways. Adjuvant analgesics and combinations 
of drugs should be considered at an early stage. Non- 
encapsulated enzyme therapy, somastotatin-analogues 
and antioxidants can be considered as supplements to 
conventional analgesics in special situations. 
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INTRODUCTION_ 

Chronic pancreatitis (CP) remains a major source of 
morbidity in the Northern Europe, with an annual inci¬ 
dence of approximately 10/100000 inhabitants 1 ’ 1 . It is a 
disease characterised by progressive destruction of the 
pancreatic gland and is typically characterised by severe 
abdominal pain. As the disease evolves, significant im¬ 
pairment of exocrine as well as endocrine functions also 
become evident 1 " 31 . The aetiological risk-factors associ¬ 
ated with CP are multiple and involve both genetic and 
environmental factors. In the Northern Europe, excessive 
alcohol consumption is the leading cause of CP, although 
genetic susceptibility is also recognised as playing an in¬ 
creasing role 11 ' 41 . 

From the perspective of the patients (and their doc¬ 
tors) pain is the most significant symptom in CP, and 
most patients develop chronic pain during the course of 
their disease. The classic description of the pain is that 
of a constant, severe, dull ache in the mid-epigastrium, 
which often radiates to the back. It is typically worsened 
by high-fat foods, and pain attacks may last for days. 
However, just as the disease has different causes and 
morphological expressions, this classic pain pattern is not 
universal, and the location, character and quality of pain 
can be quite variable 1-1 . Furthermore, pain has been asso¬ 
ciated with malnutrition, narcotic addiction, physical and 
emotional disability, and major socioeconomic problems. 
Consequently, the clinical evaluation of pain is often 
blurred by addiction to alcohol and narcotic analgesics as 
well as by the personality disorders underlying these de¬ 
pendencies [3,51 . In view of this complex clinical presenta¬ 
tion, it is not surprising that treatment of pain in patients 
with CP is challenging and often unsuccessful 1 ’/ 

The aim of this review is to summarise current avail¬ 
able pharmacological therapies for pain in CP In addi¬ 
tion, future options for pain management are discussed 
with special emphasis on personalized pain medicine and 
multidis ciplinarity. 


OVERVIEW OF PAIN MECHANISMS IN 
CP_ 

A detailed overview of the complex pain mechanisms 
underlying pain in CP is beyond the scope of this re¬ 
view and provided elsewhere in this issue of the journal. 
It is important to emphasise that none of the current 
acknowledged theories are mutually exclusive, and it is 
most likely that several pain mechanisms act in concert to 
cause pain in the individual patient. 

Historically, the focus of pain treatment has been on 


the pancreatic gland as a nociceptive source, based on 
the assumption that pain is generated by local pathology 
within or in close proximity to the pancreas. This mecha¬ 
nistic understanding of pain, has for many years, been 
the most widely accepted theory regarding the origin of 
pain in CP 171 . However, there is no direct relationship be¬ 
tween the presence of pancreatic pathology such as duct 
dilation, pancreatic duct stones, pancreatic duct strictures, 
etc. and abdominal pain in CP pain patients 18111 . Further¬ 
more, the experimental evidence supporting this theory is 
sparse and findings have been conflicting 1 ’ -1 . 

On the contrary, many current theories of the patho¬ 
physiology of CP postulate that in a high number of 
cases, repeated episodes of inflammation and pancreatic 
injury drive the process within the gland towards ir¬ 
reversible injury and are associated with damage to the 
pancreatic nerves 17 ’ 3 ’ 41 . Key in this theory is the recogni¬ 
tion that the resulting ongoing and aggressive nociceptive 
input is likely associated with altered function of the pain 
processing system, particularly at the central level 1 ” 181 . 
An important ultimate outcome of such aberrant pain 
processing is that once the disease has advanced and the 
pathophysiological processes are firmly established, the 
generation of pain can become self-perpetuating and in¬ 
dependent of the initial peripheral nociceptive drive 1 ” - " 1 . 
Consequently, the management of pain by traditional 
methods based on nociceptive deafferentation (eg., sur¬ 
gery and visceral nerve blockade) becomes difficult and 
ineffective 1- " 1 . This novel and improved understanding 
of pain aetiology requires a paradigm shift in pain man¬ 
agement of CP. Hence, modern mechanism based pain 
treatments taking into account altered pain processing are 
likely to increasingly replace invasive therapies targeting 
the nociceptive source, which should be reserved for spe¬ 
cial and carefully selected cases. 


RISK-FACTOR MODIFICATION AND 
PROPHYLAXIS 

The risk-factors associated with CP can be classified ac¬ 
cording to the MANNHEIM risk-factor classification 
system 1 " 1 . In this system, the multiple (M) risk factors un¬ 
derlying CP are categorised into six major subcategories 
of alcohol consumption (A), nicotine consumption (N), 
nutritional factors (N), hereditary factors (H), efferent 
pancreatic duct factors (E), immunological factors (I), 
and various rare miscellaneous and metabolic (M) factors. 
The rationale for modifying these risk-factors is to reduce 
recurrent injury to the pancreas. Hence, with repeated 
episodes of acute inflammation triggered by one or more 
risk factors, the inflammatory environment within the 
pancreas shifts towards chronic inflammation, with sub¬ 
sequent activation of pancreatic stellate cells, fibrinogen- 
esis, and irreversible pancreatic damage 1- ’ 1 . Although not 
well established for all risk-factors (see below), it seems 
likely that prevention of recurrent pancreatitis attacks, 
clinical or sub-clinical, by risk-factor modification, will 
translate into a slowing of disease progression, less exo- 
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Table 1 Recommended risk factor modifications in chronic pancreatitis according to the MANNHEIM criteria 


Risk factor 


Treatment 


Comments 


Alcohol 

Nicotine 

Nutritional 

Hereditary 

Efferent duct 

Immunological 

Metabolic 


Alcohol cessation 
Smoking cessation 
No specific recommendations 
Endoscopic surveillance 


Decrease disease progression and may have beneficial effects on pain 
Decrease disease progression and may have beneficial effects on pain 
No prospective data 

Currently no formal evidence, a prospective trial has been initiated 


Pancreatectomy with autolog stem cell transplantation Preferred strategy in some United States centers 
Endoscopy or surgical interventions The benefit of intervention is controversial 

Steroid treatment Treatment of autoimmune pancreatitis follows guidelines provided in e.g., Ref. 32 

Lipid lowering therapy, parathyroidectomy, etc. Consider referral to an endocrinologist 


Table 2 Treatment of extrapancreatic causes of pain in chronic pancreatitis 


Treatment 

Comments 

Peptic ulcer 

Pseudocysts 

Duodenal obstruction 

Bile duct obstruction 

Proton pump inhibitor +/- eradication of H. pylori 
Endoscopic drainage, transcutaneous drainage 
or surgical drainage 

Endoscopic dilation or surgical therapy 

Covered metal stent or plastic stent 

Avoid NSAIDs in CP Patients 

Preferred treatment dependent on pseudocyst localization 
and morphology 

Endoscopic dilation preferred as first line therapy 

Controversial, one study found no relationship between bile duct 
obstruction and pain 


NSAID: Nonsteroidal anti-inflammatory drugs; CP: Chronic pancreatitis; H. pylori: Helicobacter pylori. 


crine and endocrine insufficiency and most importantly 
decreased abdominal pain. In Table 1 recommended risk 
factor modifications are summarized. 

In patients with an alcoholic aetiology of CP, there is 
evidence to support that cessation of alcohol may have 
beneficial effects on disease progression and pain [22,231 . 
Furthermore, there is increasing evidence that tobacco 
use is also an important and independent risk factor for 
CP and that cigarette smoking accelerates progression 
of alcoholic CP [24,251 . Hence, tobacco cessation is highly 
recommended in these patients, although the association 
with pain relief has yet to be determined. 

Data on the association between nutritional factors 
and CP are sparse. The consumption of a diet rich in fat 
and protein was associated with the development of CP 
in a case-control study 1 ” 61 . However, retrospective descrip¬ 
tions of daily nutritional habits are difficult and such 
data may be subject to recall bias. Thus, it is difficult to 
provide a simple description of past daily nutrition in the 
majority of patients with CP and these findings needs to 
be confirmed in a prospective trial before specific recom¬ 
mendations can be made. 

In patients with CP following gallstone pancreatitis, 
prevention of recurrent choledocholithiasis is crucial 
and reduces further damage to the pancreas 1 ” In this 
situation cholecystectomy is recommended for patients 
suitable for surgery 1281 . Also, patients with recurrent pan¬ 
creatitis and efferent duct abnormalities such as pancreas 
divisum may benefit from endoscopic therapy or surgery 
to decrease the risk of recurrent pancreatitis and progres¬ 
sion to CP 1 ”’ 1 . However, data on this subject are limited 
and the optimal treatment of this specific entity is still a 
subject of controversy. 

No specific treatment exists to modify the disease 
progression in hereditary CP. These patients have a sig¬ 


nificantly increased risk of pancreatic cancer and surveil¬ 
lance or even total pancreatectomy with autologous islet¬ 
cell transplantation is recommended in some centers 1 ’" 1 . 
Patients with autoimmune pancreatitis comprise a special 
subset of patients with a potentially curable form of 
pancreatitis. Management of these patients is beyond the 
scope of this review and the reader is referred to refer- 

[ 31 ] 

ence . 

In CP due to metabolic abnormalities such as hyper- 
triglyceridaemia, maintenance of triglycerides within the 
normal range would be expected to reduce the chance of 
repeated pancreatitis attacks and thus progression to CP [32 l 
Also, patients with hypercalcaemia induced pancreatitis due 
to hyperparathyroidism should be managed appropriately 
and - if necessary - referred to an endocrinologist. 


TREATMENT OF EXTRA-PANCREATIC 
CAUSES OF PA[N 

In addition to risk factor modifications, extra-pancreatic 
causes of pain should be thoroughly investigated and 
treated (Table 2). Peptic ulcers are reported to have an 
increased prevalence in CP. This is possibly explained by 
changes in blood flow to the mucosa following attacks of 
acute pancreatitis as well as deterioration of pancreatic 
exocrine function resulting in a reduction of bicarbonate 
concentration and hence acidification of the milieu in 
the duodenal lumen. Also, increased gastric acid secre¬ 
tion and an increased prevalence of Helicobacter pylori in 
CP have been associated with the increased prevalence 
of peptic ulcers 1 ” 1 . Another important source of pain in 
CP is pseudocysts, which should be investigated by an 
appropriate radiological work-up and treated according¬ 
ly 1 ’ 41 . Some patients may have pain as a consequence of 
obstruction of adjacent viscera (duodenum or common 
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Table 3 Current available pharmacological treatments for pain in chronic pancreatitis 


Pain mechanism 

Treatment option(s) 

Comments 

Ref. 

Raised levels of CCK 

Pancreatic enzyme replacement therapy Only non-enteric coated enzymes have proven effective 

[57-65] 


Somatostatin-analogues 

Conflicting results, prolonged release formulations may be of value 

[67,68] 

Pancreatic inflammation and 

oxidative stress 

Antioxidants 

Conflicting results, probably most valuable in tropical calcifying CP 

[71,72] 

Central sensitisation 

Antidepressants (TCA, SSRI, SNRI) 

Expert opinion, no clinical data (Ref.) 

P] 


Gabapentinoids (Gabapentin/Pregabalin) 

Modest effect on pain in a randomised placebo controlled trial (Pregabalin) 

[42] 


Ketamine 

Reverses hyperalgesia in an experimental pain study 

[54] 

Analgesics 

Tramadol vs morphine 

No difference in pain relief in a randomised controlled trial, fewer side 
effects on tramadol treatment 

[35] 


Fentanyl vs Morphine 

No difference in pain relief in a randomised controlled trial 

[41] 


Oxycodone vs Morphine 

Oxycodone superior to morphine on experimental pain measures 

[39] 


ADL 10-0101 :KOR agonist 

KOR agonist superior to morphine on experimental and clinical pain 
measures. Limited number of patients (n = 6) 

[40] 


CCK: Cholecystokinin; CP: Chronic pancreatitis; TCA: Tricyclic antidepressant; SSRI: Selective serotonin reuptake inhibitor; SNRI: Serotonin 
norepinephrine reuptake inhibitor; KOR: Kappa opioid receptor. 


bile duct) 1351 . However, the mechanisms underlying such 
“obstructive pain” remain unclear and in the case of bile 
duct obstruction there is evidence to the contrary 1361 . 


ANALGESICS 

The standard guideline for analgesic therapy in CP pa¬ 
tients follows the principles of the “pain relief ladder” 
provided by the World Health Organization (WHO) 1 ’ l 
This principle is based on the serial introduction of drugs 
with increasing analgesic potency, titrated until pain relief 
is obtained. However, in patients with a severe and de¬ 
bilitating pain pattern, a more aggressive approach using 
opioids combined with adjuvant analgesics as first line 
therapy ii.e., a top-down approach), is useful to control 
pain and prevent sensitization of central pain pathways. 
An overview of the current available pharmacological 
therapies used to treat pain in CP is reported in Table 3. 

Paracetamol is usually the preferred drug in level I an¬ 
algesia due to its limited side effects. It has analgesic and 
antipyretic activity that work through central and periph¬ 
eral non-opioid mechanisms, which have not yet been 
fully characterised 1 ’ 81 . Nonsteroidal anti-inflammatory 
drugs (NSAIDs) are particular useful for treating mus¬ 
culoskeletal pain and are in general less favourable for 
visceral pain because of their toxicity to the GI tract 1 ’ 11 . 
Consequently, we recommend avoiding NSAIDs for 
painful CP. 

Codeine is a weak opioid in level II analgesia, but is 
still associated with the same spectrum of opioid-related 
side effects seen for stronger opioids, e.g., constipation, 
nausea, dyspepsia amongst other symptoms involved in 
opioid-induced bowel dysfunction 14 " 1 . Tramadol possesses 
both a weak opioid agonist activity along with an effect 
on noradrenaline and serotonin uptake in the spinal cord. 
It has been shown to be more potent than codeine and 
may be considered as a halfway house between level II 
and level HI analgesics. Tramadol was also shown to be 
more efficacious than morphine in patients with CP, with 
fewer gastrointestinal side effects for the same level of 


analgesia 14 * 1 . 

Strong opioids, such as morphine, mainly exert their 
analgesic effects in the central nervous system, although 
it is now well known that opioid receptors are synthe¬ 
sised in the dorsal root ganglia and transported towards 
both central and peripheral nerve terminals 1421 . Several 
opioid receptors exist, including the p-receptor, 8-receptor 
and the K-receptor 14 ’ 1 . Most clinically available opioids 
have their primary activity at the p-receptor and have 
been used widely to treat pain in CP patients 161 . How¬ 
ever, animal studies have suggested that activation of the 
K-receptor may be more efficacious for attenuation of 
gastrointestinal pain 1441 . In keeping with these findings, 
oxycodone (an opioid targeting the p-, 8- and K-receptor) 
was shown to attenuate experimental visceral pain better 
than morphine in CP patients 1451 . Also, in a pilot study 
including six CP patients with chronic abdominal pain, 
infusion of a peripherally restricted K-receptor agonist 
(ADL 10-0101) - but not placebo - reduced clinical and 
experimental pain scores 1461 . These findings were not rep¬ 
licated in patients with pain due to pancreatic cancer 14 ' 1 , 
but this may relate to the confounders associated with 
clinical studies on opioids 1481 . Taken together, these find¬ 
ings may suggest differentiated effects of opioids for 
pain management in CP patients. However, it must be 
emphasized that data from well-designed clinical studies 
with long-term follow-up are not yet available. 

Opioids used in the outpatient clinic can be adminis¬ 
tered either orally ii.e., tablets) or transdermally (i.e., patch 
formulation). In an open label randomized crossover 
trial, transdermal fentanyl plaster was compared to sus¬ 
tained release morphine tablets in an equipotent dosage 
regime 14 * 1 . No significant differences were found for pain 
control, patients’ preference or quality of life, while 44% 
of patients treated with fentanyl plaster reported skin 
side effects. Taken together with the increased costs of 
patch formulation, the authors concluded that transder¬ 
mal administration of opioids cannot be recommended 
as first line opioid therapy for CP, but should be reserved 
to patients having trouble with tablet ingestion 14 * 1 . 
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As discussed above, CP patients may be suffering 
from hyperalgesia due to sensitization of the central ner¬ 
vous system 114 ' 151 . In general, opioids are not very effective 
in treating established central sensitization and may even 
cause hyperalgesia themselves (i.e., opioid induced hyper¬ 
algesia) 1 ’" 1 . Furthermore, opioid induced bowel dysfunc¬ 
tion is a common problem in clinical practice and typi¬ 
cally manifests as abdominal discomfort or even diffuses 
abdominal pain 14 " 1 . Taken together, opioid based therapies 
often become ineffective and associated with gastroin¬ 
testinal side effects in the context of advanced CP and 
hence other treatments are highly warranted. 

Adjuvant analgesics 

Adjuvant analgesics are a heterogeneous group of drugs 
initially developed for indications other than pain. How¬ 
ever, many have proven effective in painful conditions, 
which has now been widely recognised as a separate 
therapeutic indication. Adjuvant analgesics modify the 
nociceptive processes through several modes of action, 
including anxiolytic effects (benzodiazepines, alpha-2- 
delta ligands), antidepressive effects (antidepressants), 
and anti-hyperalgesic effects (antidepressants, alpha- 
2-delta ligands). Although they have been widely used 
to treat pain associated with CP, only the alpha-2-delta 
ligand pregabalin has been studied in the context of pain¬ 
ful CP 1 "’ 11 . Hence, in a placebo controlled double blinded 
randomized trial, we recently demonstrated the efficacy 
of pregabalin as an adjuvant analgesic for pain in CP. We 
found that CP patients treated with pregabalin escalated 
to a maximal dose of 600 mg bid had a significant reduc¬ 
tion in self-reported pain scores compared to placebo. 
Furthermore, the percentage of patients with much or 
very much improved health status score was higher in the 
pregabalin group compared to the placebo group. The 
side effects were relatively few and of mild to moderate 
severity; with a “drunk feeling” being the most prevalent 
side effect (35% of patients) and typically showing a ceil¬ 
ing effect after one or two weeks of treatment 1 ’ 11 . 

The analgesic mechanisms of action underlying pre¬ 
gabalin analgesia are not completely understood, and 
it probably exerts a range of effects on pain transmis¬ 
sion 1 ’ - ’ 31 . In vitro studies indicate that pregabalin binds 
selectively to the alpha-2-delta subunit of voltage-depen¬ 
dent calcium channels, thereby blocking the influx of 
calcium into pre-synaptic nerve terminals. This reduces 
release of excitatory neurotransmitters, including gluta¬ 
mate, noradrenalin and substance P, and dampens pain 
transmission 1 ’ 4 '” 1 . These findings translate well to experi¬ 
mental pain studies in CP, where antinociceptive effects 
of pregabalin on electrical evoked pain from the gut and 
skin were observed, compatible with a reduction of cen¬ 
tral sensitization 1 ’" ’ l 

Ketamine 

Introduced in 1965 as an anesthetic, today ketamine is 
used not only for anesthesia, but also as a potent analge¬ 
sic in acute and chronic pain as well as an antihyperalge- 


sic used to reduce central sensitization in various chronic 
pain conditions. It is a noncompetitive IV-Methyl-D- 
aspartate (NMDA) receptor antagonist, but it also exerts 
its analgesic effects through other mechanisms including 
opioid receptor activation 1581 . Sensitization of the central 
nervous system has been documented in several studies 
of painful CP and is believed to play a prominent role 
in pain generation in this entity 115 ' 1 " 1 . One of the best- 
characterized mechanisms in the early phase of central 
sensitization is activation of the NMDA receptors 1 ’ 11 . 
Multiple studies have consistently produced positive 
results regarding the use of ketamine in chronic pain 
patients with central sensitization and hyperalgesia and 
it thus comprises an interesting remedy to revert reduce 
central sensitization and its associated hyperalgesia in 
CP 1 "" 1 . This was supported by a double-blinded crossover 
trial designed to evaluate the effect of ketamine infu¬ 
sion on hyperalgesia associated with CP 1 " 11 . Infusion of 
ketamine temporarily reversed pressure pain hyperalgesia 
and the underlying sensitized state of the pain system. 
However, only short-term effects were evaluated and no 
effect was seen on clinical endpoints. Hence, the use of 
ketamine for pain in CP is still in its infancy and prospec¬ 
tive clinical trials are warranted to establish its role in the 
management of painful CP. 


SUPPLEMENTARY THERAPIES 

Pancreatic enzyme therapy 

Pancreatic enzyme therapy for pain control in CP has 
been the subject of several randomized trials and meta¬ 
analyses (Table 3). The proposed mechanism of action 
is the ability to degrade cholecystokinin (CCK) releasing 
factor in the duodenum and thereby lower CCK 1-1 . An 
elevated level of CCK have been reported in CP patients 
and may generate pain by increasing the pressure in the 
pancreatic duct (CCK-A), but also through direct acti¬ 
vation of nociceptive pathways in the central nervous 
system (CCK-B) 1 " 2 '"’ 1 . Only non-enteric coated formula¬ 
tions have duodenal protease activity and studies using 
this type of enzymes have documented improvement in 
pain 1 " 1 '"’ 1 . In contrast, most studies using enteric coated 
preparations (which are not active in the duodenum and 
hence cannot degrade CCK-releasing factor) have not 
shown any improvement on pain measures 1 "" " 11 . One 
study, however, showed pain relief of enteric coated 
enzymes during acid inhibition, but this study used a 
measurement of pain that included symptoms of mal¬ 
absorption (bloating, gas or cramping), rather than more 
traditional pain measures 1 " 1 . A meta-analysis combining 
all studies found no effect of enzymes on pain relief in 
CP 17 ' 1 . Nevertheless, combining the two types of enzyme 
formulations in a metanalysis is probably not appropriate 
given the proposed mechanism of action 172 '. 

Somastotatin-analogues 

Somastotatin-analogue inhibits pancreatic secretion by 
blocking CCK and secretin release and also by a direct 


Jgflishideng 1 


WJG | www.wjgnet.com 


7296 


November 14, 2013 | Volume 19 | Issue 42 | 




Olesen SS eta/. Pain management in chronic pancreatitis 


inhibitory effect on acinar cells 1731 . As discussed above, 
these effects may alleviate pain through reduction of pan¬ 
creatic ductal pressure and by lowering the central effects 
of CCK. There are conflicting data about the efficacy of 
somastotatin-analogues for pain in CP. While early pilot 
series of octreotide showed an effect on pain control, 
this effect could not be confirmed in a double-blind 
cross-over study enrolling 10 CP patients treated with 
octreotide (100 pg tid) or placebo for 3 d l 41 . Although 
pancreatic secretion measured by fecal chymotrypsin was 
reduced by octreotide, no differences were seen in pain 
control or analgesic use. This study has been criticized for 
its relatively short follow-up and limited wash out period 
(48 h). Also, four patients had evidence of concrements 
in the pancreatic duct, which may have compromised the 
effect of octreotide. In a later pilot study, a long-acting 
version of octreotide (Octreotide LAR) administered 
once monthly, was compared to conventional subcutane¬ 
ous octreotide treatment administered three times daily. 
Although not significant, there was a trend toward im¬ 
proved pain control for octreotide LAR [751 . These results, 
however, have never been subject to a formal placebo 
controlled trial and the role of octreotide treatment for 
painful CP has so far not been satisfactorily documented. 
Taken together with the numerous side effects and their 
cost, a general use of somastotatin-analogues for pain in 
CP cannot be recommended 1761 . 

Antioxidants 

The use of antioxidants for pain control in CP was pre¬ 
sented two decades ago, but never gained widely clinical 
popularity. The proposed analgesic mechanism of ac¬ 
tion underlying this therapy is an anti-inflammatory and 
blocking effect on free radicals 1 " 1 . Propelled by an Indian 
randomized placebo controlled trial, antioxidant therapy 
recently had a rebirth for pain management in CP. In 
this trial, six months antioxidant therapy was associated 
with significant and prolonged pain relief compared to 
placebo 1 ' 81 . However, these findings were not reproduced 
by a subsequent study from North America 1771 . A possible 
explanation for this dichotomy may be that the patients 
included in the two trials were different. While the Indian 
study mostly included patients with trophic calcifying 
pancreatitis and malnutrition (and hence deficiency in 
antioxidants), the American study included a more elderly 
population who had alcohol as the leading etiology of 
CP and a normal nutritional condition. Hence, the effi¬ 
cacy of antioxidant therapy may be related to the etiology 
of CP and its associated malnutrition 18 " 1 . This idea was 
supported by a subgroup analysis of the patients with al¬ 
cohol etiology in the Indian trial, who, in agreement with 
the American study, demonstrated no benefit of antioxi¬ 
dants 1781 . Taken together, the evidence is not sufficient to 
recommend antioxidant therapy be used routinely for the 
typical Western CP patient with alcoholic pancreatitis. 

Other treatments 

In addition to the abovementioned treatment options, 
various other pharmacological principles have been used 


to treat pain associated with CP, including leukotriene 
antagonism and stimulation with secretin 181,821 . However, 
none of these treatments have documented any effect on 
pain and are regarded obsolete by most experts. 


INDIVIDUALISED PAIN THERAPY AND 
FUTURE ANALGESICS FOR PAIN IN 
CHRONIC PANCREATITIS 

A major problem in pain medicine is the lack of knowl¬ 
edge about which treatment suits a specific patient. In a 
recent study, we tested the ability of quantitative sensory 
testing to predict the analgesic effect of pregabalin and 
placebo in patients with CP 1831 . Pregabalin effect was as¬ 
sociated with pretreatment sensitivity to electric tetanic 
stimulation of the upper abdominal area (sharing spinal 
segmental innervation with the pancreatic gland). Hence, 
patients expressing lower pain thresholds in the “pan¬ 
creatic viscerotome” were more likely to benefit from 
pregabalin treatment compared to patients with normal 
sensitivity 1831 . These findings suggest sensitization of 
spinal neurons in the segment innervated by pancreatic 
visceral afferents to be an important predictor of prega¬ 
balin efficacy in patients with painful CP. Interestingly, 
this method may be used to tailor pain medication based 
on patient’s individual sensory profile and thus comprises 
a significant step towards personalized pain medicine. 

The novel and improved understanding of pain 
mechanisms in CP may pave the way for new treatments. 
Analgesics specifically targeting neural or humoral me¬ 
diators of pain, such as nerve growth factor (NGF) and 
transient receptor potential vanilloid-1 antagonists, are 
currently being tested in clinical trials and hold promise 
for the future, although these drugs have yet to be tested 
in patients with CP [84,851 . Recently, a NGF-antagonist 
(Tanezumab) was shown to relief pain in patients with 
knee pain due to gonarthrosis 1841 . As NGF has been 
shown to be up-regulated in CP patients and is known to 
play a pivotal role in the process of peripheral sensitiza¬ 
tion, NGF-antagonism may be effective for pain relief in 
CP patients 1861 . 

Multidisciplinary pain treatment 

As discussed above the mechanisms underlying pain in 
CP are highly variable in the individual patient. Conse¬ 
quently, there is no single approach that is effective for all 
patients and choosing the right algorithm for pain treat¬ 
ment is highly depending of the pathogenesis of pain in 
the individual situation. Hence, a successful management 
of pain requires a multidisciplinary approach as illustrat¬ 
ed in Figure 1. In addition, establishing a stable doctor- 

patient relationship is an important factor for a successful 
[801 

treatment outcome . 


CONCLUSION_ 

Intense abdominal pain is the most prominent feature of 
CP and its treatment remains a major clinical challenge. 
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Figure 1 An illustration of the multidisciplinary approach recommended for managing pain in chronic pancreatitis. The mechanisms underlying pain in chron¬ 
ic pancreatitis (CP) are highly variable in the individual patient and there is no single approach that is effective for all patients. Hence, choosing the right algorithm for 
the pain treatment is highly depending of the pathogenesis of pain in the individual situation. Some treatments follow a typical step-up approach as indicated by the 
unidirectional arrows. Other treatments follow either a step-up or a top-down approach depending on the specific situation as illustrated by the bidirectional arrows. 
The latter is seen for example for analgesic therapies, where weak analgesics may be appropriate to control pain in one situation. On the other hand a more aggres¬ 
sive approach, using opioids combined with adjuvant analgesics as first line therapy (i.e., top-down), is useful in patients with a more aggressive and debilitating pain 
pattern to control pain and prevent sensitization of central pain pathways. Often combination therapies of e.g, opioids or adjuvant analgesics are used. Surgery, en¬ 
doscopic therapies etc. are included in the figure for completeness, although these therapies are beyond the scope of this review. PPI: Proton pump inhibitor; TENS: 
Transcutaneous electrical nerve stimulation; SCS: Spinal cord stimulation; OIBD: Opioid-induced bowel dysfunction; TMS: Transcranial magnetic stimulation; ESWL: 
Extracorporeal shock wave lithotripsy. 


Medical management requires a multidisciplinary ap¬ 
proach including identification of risk factors associated 
with disease progression and appropriate modification. 
A systematically evaluation of extra pancreatic causes of 
pain and complications followed by appropriate treat¬ 
ments is essential in all patients. Analgesics are typically 
titrated according to the WHO ladder principle, but in 
some situations a top-down approach may be useful 
to control pain and avoid sensitization of central pain 
pathways. Also, adjuvant analgesics should be considered 
at an early stage and combinations of drugs are often 
used. Non-encapsulated enzyme therapy, somastotatin- 
analogues and antioxidants can be considered as supple¬ 
ments to conventional analgesics in special situations. An 
improved understanding of pain mechanisms in CP will 
undoubtedly pave the way for new treatments and future 
strategies should be based on modern mechanism based 
and personalized pain treatment. 


REFERENCES 

1 Andersen BN, Pedersen NT, Scheel J, Worning H. Incidence 
of alcoholic chronic pancreatitis in Copenhagen. Scand ] Gas¬ 
troenterol 1982; 17: 247-252 [PMID: 7134849] 

2 Lieb JG, Forsmark CE. Review article: pain and chronic 
pancreatitis. Aliment Pharmacol Ther 2009; 29: 706-719 [PMID: 
19284407 DOI: 10.1111/j.l365-2036.2009.03931.x] 

3 Andren-Sandberg A, Hoem D, Gislason H. Pain manage¬ 
ment in chronic pancreatitis. Eur ] Gastroenterol Hepatol 2002; 
14: 957-970 [PMID: 12352215] 

4 Schneider A, Lohr JM, Singer MV. The M-ANNHEIM clas¬ 
sification of chronic pancreatitis: introduction of a unifying 
classification system based on a review of previous classifi¬ 


cations of the disease. ] Gastroenterol 2007; 42:101-119 [PMID: 
17351799 DOI: 10.1007/s00535-006-1945-4] 

5 Gardner TB, Kennedy AT, Gelrud A, Banks PA, Vege SS, 
Gordon SR, Lacy BE. Chronic pancreatitis and its effect on 
employment and health care experience: results of a prospec¬ 
tive American multicenter study. Pancreas 2010; 39: 498-501 
[PMID: 20118821 DOI: 10.1097/MPA.0b013e3181c5c693] 

6 Warshaw AL, Banks PA, Fernandez-Del Castillo C. AGA 
technical review: treatment of pain in chronic pancreatitis. 
Gastroenterology 1998; 115: 765-776 [PMID: 9721175] 

7 Anaparthy R, Pasricha PJ. Pain and chronic pancreatitis: is it 
the plumbing or the wiring? Curr Gastroenterol Rep 2008; 10: 
101-106 [PMID: 18462594] 

8 Bornman PC, Marks IN, Girdwood AH, Clain JE, Narunsky 
L, Clain DJ, Wright JP. Is pancreatic duct obstruction or stric¬ 
ture a major cause of pain in calcific pancreatitis? Br ] Surg 
1980; 67: 425-428 [PMID: 7388340] 

9 Lankisch PG, Seidensticker F, Lohr-Happe A, Otto J, 
Creutzfeldt W. The course of pain is the same in alcohol- and 
nonalcohol-induced chronic pancreatitis. Pancreas 1995; 10: 
338-341 [PMID: 7792289] 

10 Jensen AR, Matzen P, Malchow-Moller A, Christoffersen I. 
Pattern of pain, duct morphology, and pancreatic function in 
chronic pancreatitis. A comparative study. Scand ] Gastroen¬ 
terol 1984; 19: 334-338 [PMID: 6740208] 

11 Malfertheiner P, Biichler M, Stanescu A, Ditschuneit H. 
Pancreatic morphology and function in relationship to pain 
in chronic pancreatitis. Int ] Pancreatol 1987; 2: 59-66 [PMID: 
3681034 DOI: 10.1007/BF02788349] 

12 Fasanella KE, Davis B, Lyons J, Chen Z, Lee KK, Slivka A, 
Whitcomb DC. Pain in chronic pancreatitis and pancreatic 
cancer. Gastroenterol Clin North Am 2007; 36: 335-64, ix [PMID: 
17533083 DOI: 10.1016/j.gtc.2007.03.011] 

13 Pasricha PJ. Unraveling the mystery of pain in chronic pan¬ 
creatitis. Nat Rev Gastroenterol Hepatol 2012; 9:140-151 [PMID: 
22269952 DOI: 10.1038/nrgastro.2011.274] 

14 Demir IE, Tieftrunk E, Maak M, Friess H, Ceyhan GO. Pain 


7298 November 14, 2013 | Volume 19 | Issue 42 | 


jSoilhjLj* WJG | www.wjgnet.com 






















































































































































Olesen SS eta/. Pain management in chronic pancreatitis 


mechanisms in chronic pancreatitis: of a master and his fire. 
Langenbecks Arch Surg 2011; 396: 151-160 [PMID: 21153480 
DOI: 10.1007/S00423-010-0731-1] 

15 Olesen SS, Brock C, Krarup AL, Funch-Jensen P, Arendt- 
Nielsen L, Wilder-Smith OH, Drewes AM. Descending in¬ 
hibitory pain modulation is impaired in patients with chronic 
pancreatitis. Clin Gastroenterol Hepatol 2010; 8: 724-730 [PMID: 
20304100 DOI: 10.1016/j.cgh.2010.03.005] 

16 Buscher HC, Wilder-Smith OH, van Goor H. Chronic pan¬ 
creatitis patients show hyperalgesia of central origin: a pilot 
study. Ear J Pain 2006; 10: 363-370 [PMID: 16087373 DOI: 
10.1016/j.ejpain.2005.06.006] 

17 Frokjaer JB, Olesen SS, Gram M, Yavarian Y, Bouwense SA, 
Wilder-Smith OH, Drewes AM. Altered brain microstructure 
assessed by diffusion tensor imaging in patients with chronic 
pancreatitis. Gut 2011; 60: 1554-1562 [PMID: 21610272 DOI: 
10.1136/ gut.2010.236620] 

18 Frokjaer JB, Bouwense SA, Olesen SS, Lundager FH, Eskild- 
sen SF, van Goor H, Wilder-Smith OH, Drewes AM. Reduced 
cortical thickness of brain areas involved in pain process¬ 
ing in patients with chronic pancreatitis. Clin Gastroenterol 
Hepatol 2012; 10: 434-8.el [PMID: 22155560 DOI: 10.1016/ 
j.cgh.2011.11.024] 

19 Bouwense SA, Olesen SS, Drewes AM, Frokjaer JB, van Goor 
H, Wilder-Smith OH. Is altered central pain processing re¬ 
lated to disease stage in chronic pancreatitis patients with 
pain? An exploratory study. PLoS One 2013; 8: e55460 [PMID: 
23405154 DOI: 10.1371/journal.pone.0055460] 

20 Bouwense SA, Buscher HC, van Goor H, Wilder-Smith OH. 
Has central sensitization become independent of nociceptive 
input in chronic pancreatitis patients who fail thoracoscopic 
splanchnicectomy? Reg Anesth Pain Med 2011; 36: 531-536 
[PMID: 22005656 DOI: 10.1097/AAP.0b013e31822e0d4a] 

21 Witt H, Apte MV, Keim V, Wilson JS. Chronic pancreatitis: 
challenges and advances in pathogenesis, genetics, diagnosis, 
and therapy. Gastroenterology 2007; 132: 1557-1573 [PMID: 
17466744 DOI: 10.1053/j.gastro.2007.03.001] 

22 Strum WB. Abstinence in alcoholic chronic pancreatitis. Ef¬ 
fect on pain and outcome. J Clin Gastroenterol 1995; 20: 37-41 
[PMID: 7884175] 

23 Cote GA, Yadav D, Slivka A, Hawes RH, Anderson MA, Bur¬ 
ton FR, Brand RE, Banks PA, Lewis MD, Disario JA, Gardner 
TB, Gelrud A, Amann ST, Baillie J, Money ME, O'Connell M, 
Whitcomb DC, Sherman S. Alcohol and smoking as risk fac¬ 
tors in an epidemiology study of patients with chronic pan¬ 
creatitis. Clin Gastroenterol Hepatol 2011; 9: 266-73; quiz e27 
[PMID: 21029787 DOI: 10.1016/j.cgh.2010.10.015] 

24 Maisonneuve P, Lowenfels AB, Miillhaupt B, Cavallini G, 
Lankisch PG, Andersen JR, Dimagno EP, Andren-Sandberg 
A, Domellof L, Frulloni L, Ammann RW. Cigarette smok¬ 
ing accelerates progression of alcoholic chronic pancreati¬ 
tis. Gut 2005; 54: 510-514 [PMID: 15753536 DOI: 10.1136/ 
gut.2004.039263] 

25 Tolstrup JS, Kristiansen L, Becker U, Gronbaek M. Smoking 
and risk of acute and chronic pancreatitis among women 
and men: a population-based cohort study. Arch Intern Med 
2009; 169: 603-609 [PMID: 19307524 DOI: 10.1001/archin- 
ternmed.2008.601] 

26 Levy P, Mathurin P, Roqueplo A, Rueff B, Bernades P. A 
multidimensional case-control study of dietary, alcohol, and 
tobacco habits in alcoholic men with chronic pancreatitis. 
Pancreas 1995; 10: 231-238 [PMID: 7624300] 

27 Gullo L, Migliori M, Pezzilli R, Olah A, Farkas G, Levy P, 
Arvanitakis C, Lankisch P, Beger H. An update on recur¬ 
rent acute pancreatitis: data from five European countries. 
Am J Gastroenterol 2002; 97: 1959-1962 [PMID: 12190160 DOI: 
10.1111/j.l572-0241.2002.05907.x] 

28 Banks PA, Freeman ML. Practice guidelines in acute pancre¬ 
atitis. Am ] Gastroenterol 2006; 101: 2379-2400 [PMID: 17032204 
DOI: 10.1111/j.l572-0241.2006.00856.x] 


29 Bhasin DK, Rana SS, Sidhu RS, Nagi B, Thapa BR, Pod- 
dar U, Gupta R, Sinha SK, Singh K. Clinical presenta¬ 
tion and outcome of endoscopic therapy in patients with 
symptomatic chronic pancreatitis associated with pan¬ 
creas divisum. JOP 2013; 14: 50-56 [PMID: 23306335 DOI: 
10.6092/1590-8577/1218] 

30 Patel MR, Eppolito AL, Willingham FF. Hereditary pancre¬ 
atitis for the endoscopist. Therap Adv Gastroenterol 2013; 6: 
169-179 [PMID: 23503650 DOI: 10.1177/1756283X12467565] 

31 Kamisawa T, Shimosegawa T, Okazaki K, Nishino T, Wata- 
nabe H, Kanno A, Okumura F, Nishikawa T, Kobayashi K, 
Ichiya T, Takatori H, Yamakita K, Kubota K, Hamano H, 
Okamura K, Hirano K, Ito T, Ko SB, Omata M. Standard 
steroid treatment for autoimmune pancreatitis. Gut 2009; 58: 
1504-1507 [PMID: 19398440 DOI: 10.1136/gut.2008.172908] 

32 Etemad B, Whitcomb DC. Chronic pancreatitis: diagnosis, 
classification, and new genetic developments. Gastroenterol¬ 
ogy 2001; 120: 682-707 [PMID: 11179244] 

33 Chebli JM, de Souza AF, Gaburri PD, Bastos KV, Ribeiro 
TC, Filho RJ, Chebli LA, Castro Ferreira LE. Prevalence and 
pathogenesis of duodenal ulcer in chronic alcoholic pancre¬ 
atitis. J Clin Gastroenterol 2002; 35: 71-74 [PMID: 12080230] 

34 Andren-Sandberg A, Ansorge C, Eiriksson K, Glomsaker 
T, Maleckas A. Treatment of pancreatic pseudocysts. Scand J 
Surg 2005; 94:165-175 [PMID: 16111100] 

35 Vijungco JD, Prinz RA. Management of biliary and duodenal 
complications of chronic pancreatitis. World ] Surg 2003; 27: 
1258-1270 [PMID: 14534824 DOI: 10.1007/s00268-003-7246-7] 

36 Kahl S, Zimmermann S, Genz I, Schmidt U, Pross M, Schulz 
HU, Malfertheiner P. Biliary strictures are not the cause of 
pain in patients with chronic pancreatitis. Pancreas 2004; 28: 
387-390 [PMID: 15097855] 

37 Jadad AR, Browman GP. The WHO analgesic ladder for can¬ 
cer pain management. Stepping up the quality of its evalua¬ 
tion. JAMA 1995; 274: 1870-1873 [PMID: 7500538] 

38 Anderson BJ. What we don't know about paracetamol in 
children. Paediatr Anaesth 1998; 8: 451-460 [PMID: 9836208] 

39 Thiagarajan P, Jankowski JA. Aspirin and NSAIDs; benefits 
and harms for the gut. Best Pract Res Clin Gastroenterol 2012; 
26: 197-206 [PMID: 22542157 DOI: 10.1016/j.bpg.2012.01.007] 

40 Brock C, Olesen SS, Olesen AE, Frokjaer JB, Andresen T, 
Drewes AM. Opioid-induced bowel dysfunction: pathophys¬ 
iology and management. Drugs 2012; 72: 1847-1865 [PMID: 
22950533 DOI: 10.2165/11634970-000000000-00000] 

41 Wilder-Smith CH, Hill L, Osier W, O'Keefe S. Effect of tram¬ 
adol and morphine on pain and gastrointestinal motor func¬ 
tion in patients with chronic pancreatitis. Dig Dis Sci 1999; 44: 
1107-1116 [PMID: 10389680] 

42 Fioravanti B, Vanderah TW. The ORL-1 receptor system: are 
there opportunities for antagonists in pain therapy? Curr Top 
Med Chem 2008; 8:1442-1451 [PMID: 18991730] 

43 De Schepper HU, Cremonini F, Park MI, Camilleri M. 
Opioids and the gut: pharmacology and current clinical ex¬ 
perience. Neurogastroenterol Motil 2004; 16: 383-394 [PMID: 
15305992 DOI: 10.1111/j.l365-2982.2004.00513.x] 

44 Sengupta JN, Su X, Gebhart GF. Kappa, but not mu or delta, 
opioids attenuate responses to distention of afferent fibers 
innervating the rat colon. Gastroenterology 1996; 111: 968-980 
[PMID: 8831591] 

45 Staahl C, Dimcevski G, Andersen SD, Thorsgaard N, Chris- 
trup LL, Arendt-Nielsen L, Drewes AM. Differential effect of 
opioids in patients with chronic pancreatitis: an experimental 
pain study. Scand J Gastroenterol 2007; 42: 383-390 [PMID: 
17354119 DOI: 10.1080/00365520601014414] 

46 Eisenach JC, Carpenter R, Curry R. Analgesia from a periph¬ 
erally active kappa-opioid receptor agonist in patients with 
chronic pancreatitis. Pain 2003; 101: 89-95 [PMID: 12507703] 

47 Mercadante S, Tirelli W, David F, Arcara C, Fulfaro F, Casuc- 
cio A, Gebbia V. Morphine versus oxycodone in pancreatic 
cancer pain: a randomized controlled study. Clin J Pain 2010; 


7299 November 14, 2013 | Volume 19 | Issue 42 | 


cSojImLj! WJG | www.wjgnet.com 


Olesen SS eta/. Pain management in chronic pancreatitis 


26: 794-797 [PMID: 20973155] 

48 Drewes AM, Jensen RD, Nielsen LM, Droney J, Christrup 
LL, Arendt-Nielsen L, Riley J, Dahan A. Differences between 
opioids: pharmacological, experimental, clinical and econom¬ 
ical perspectives. Br ] Clin Pharmacol 2013; 75: 60-78 [PMID: 
22554450 DOI: 10.1111/j.l365-2125.2012.04317.x] 

49 Niemann T, Madsen LG, Larsen S, Thorsgaard N. Opioid 
treatment of painful chronic pancreatitis. Int ] Pancreatol 2000; 
27: 235-240 [PMID: 10952406] 

50 Brush DE. Complications of long-term opioid therapy for 
management of chronic pain: the paradox of opioid-induced 
hyperalgesia. J Med Toxicol 2012; 8: 387-392 [PMID: 22983894 
DOI: 10.1007/S13181-012-0260-0] 

51 Olesen SS, Bouwense SA, Wilder-Smith OH, van Goor 
H, Drewes AM. Pregabalin reduces pain in patients with 
chronic pancreatitis in a randomized, controlled trial. Gastro¬ 
enterology 2011; 141: 536-543 [PMID: 21683078 DOI: 10.1053/ 
j.gastro.2011.04.003] 

52 Finnerup NB, Sindrup SH, Jensen TS. The evidence for phar¬ 
macological treatment of neuropathic pain. Pain 2010; 150: 
573-581 [PMID: 20705215 DOI: 10.1016/j.pain.2010.06.019] 

53 Tuchman M, Barrett JA, Donevan S, Hedberg TG, Taylor CP. 
Central sensitization and Ca(V)a : 5 ligands in chronic pain 
syndromes: pathologic processes and pharmacologic effect. 
J Pain 2010; 11: 1241-1249 [PMID: 20472509 DOI: 10.1016/ 
j.jpain.2010.02.024] 

54 Fink K, Dooley DJ, Meder WP, Suman-Chauhan N, Duffy S, 
Clusmann H, Gothert M. Inhibition of neuronal Ca(2+) influx 
by gabapentin and pregabalin in the human neocortex. Neu¬ 
ropharmacology 2002; 42: 229-236 [PMID: 11804619] 

55 Fehrenbacher JC, Taylor CP, Vasko MR. Pregabalin and ga¬ 
bapentin reduce release of substance P and CGRP from rat 
spinal tissues only after inflammation or activation of protein 
kinase C. Pain 2003; 105: 133-141 [PMID: 14499429] 

56 Bouwense SA, Olesen SS, Drewes AM, Poley JW, van Goor 
H, Wilder-Smith OH. Effects of pregabalin on central sensiti¬ 
zation in patients with chronic pancreatitis in a randomized, 
controlled trial. PLoS One 2012; 7: e42096 [PMID: 22879908 
DOI: 10.1371 /journal.pone.0042096] 

57 Olesen SS, Graversen C, Olesen AE, Frokjaer JB, Wilder- 
Smith O, van Goor H, Valeriani M, Drewes AM. Randomised 
clinical trial: pregabalin attenuates experimental visceral pain 
through sub-cortical mechanisms in patients with painful 
chronic pancreatitis. Aliment Pharmacol Ther 2011; 34: 878-887 
[PMID: 21848870 DOI: 10.1111/j.l365-2036.2011.04802.x] 

58 Domino EF. Taming the ketamine tiger. 1965. Anesthesiol¬ 
ogy 2010; 113: 678-684 [PMID: 20693870 DOI: 10.1097/ 
ALN.0b013e3181ed09a2] 

59 Woolf CJ, Thompson SW. The induction and maintenance 
of central sensitization is dependent on N-methyl-D-aspartic 
acid receptor activation; implications for the treatment of 
post-injury pain hypersensitivity states. Pain 1991; 44: 293-299 
[PMID: 1828878] 

60 Noppers I, Niesters M, Aarts L, Smith T, Sarton E, Dahan A. 
Ketamine for the treatment of chronic non-cancer pain. Expert 
Opin Pharmacother 2010; 11: 2417-2429 [PMID: 20828267 DOI: 
10.1517/14656566.2010.515978] 

61 Bouwense SA, Buscher HC, van Goor H, Wilder-Smith OH. 
S-ketamine modulates hyperalgesia in patients with chronic 
pancreatitis pain. Reg Anesth Pain Med 2011; 36: 303-307 
[PMID: 21490522 DOI: 10.1097/AAP.0b013e3182177022] 

62 Okazaki K, Yamamoto Y, Ito K. Endoscopic measurement of 
papillary sphincter zone and pancreatic main ductal pressure 
in patients with chronic pancreatitis. Gastroenterology 1986; 91: 
409-418 [PMID: 3721126] 

63 Xie JY, Herman DS, Stiller CO, Gardell LR, Ossipov MH, Lai 
J, Porreca F, Vanderah TW. Cholecystokinin in the rostral 
ventromedial medulla mediates opioid-induced hyperalgesia 
and antinociceptive tolerance. / Neurosci 2005; 25: 409-416 
[PMID: 15647484 DOI: 10.1523/JNEUROSCI.4054-04.2005] 


l£ 

jgnishideng® WJG | www.wjgnet.com 7300 


64 Isaksson G, Ihse I. Pain reduction by an oral pancreatic en¬ 
zyme preparation in chronic pancreatitis. Dig Dis Sci 1983; 28: 
97-102 [PMID: 6825540] 

65 Slaff J, Jacobson D, Tillman CR, Curington C, Toskes P. Pro¬ 
tease-specific suppression of pancreatic exocrine secretion. 
Gastroenterology 1984; 87: 44-52 [PMID: 6202586] 

66 Malesci A, Gaia E, Fioretta A, Bocchia P, Ciravegna G, Cantor 
P, Vantini I. No effect of long-term treatment with pancreatic 
extract on recurrent abdominal pain in patients with chronic 
pancreatitis. Scand ] Gastroenterol 1995; 30: 392-398 [PMID: 
7610357] 

67 Halgreen H, Pedersen NT, Worning H. Symptomatic effect of 
pancreatic enzyme therapy in patients with chronic pancre¬ 
atitis. Scand ] Gastroenterol 1986; 21: 104-108 [PMID: 3633631] 

68 Mossner J, Secknus R, Meyer J, Niederau C, Adler G. Treat¬ 
ment of pain with pancreatic extracts in chronic pancreatitis: 
results of a prospective placebo-controlled multicenter trial. 
Digestion 1992; 53: 54-66 [PMID: 1289173] 

69 Czako L, Takacs T, Hegyi P, Pronai L, Tulassay Z, Lakner L, 
Dobronte Z, Boda K, Lonovics J. Quality of life assessment 
after pancreatic enzyme replacement therapy in chronic 
pancreatitis. Can ] Gastroenterol 2003; 17: 597-603 [PMID: 
14571298] 

70 Vecht J, Symersky T, Lamers CB, Masclee AA. Efficacy of 
lower than standard doses of pancreatic enzyme supple¬ 
mentation therapy during acid inhibition in patients with 
pancreatic exocrine insufficiency. ] Clin Gastroenterol 2006; 40: 
721-725 [PMID: 16940886] 

71 Brown A, Hughes M, Tenner S, Banks PA. Does pancreatic 
enzyme supplementation reduce pain in patients with chron¬ 
ic pancreatitis: a meta-analysis. Am ] Gastroenterol 1997; 92: 
2032-2035 [PMID: 9362186] 

72 Winstead NS, Wilcox CM. Clinical trials of pancreatic 
enzyme replacement for painful chronic pancreatitis—a re¬ 
view. Pancreatology 2009; 9: 344-350 [PMID: 19451744 DOI: 
10.1159/000212086] 

73 Foster E, Leung J. Pharmacotherapy for the prevention of 
post-ERCP pancreatitis. Am ] Gastroenterol 2007; 102: 52-55 
[PMID: 17266688 DOI: 10.1111/j.l572-0241.2006.00950.x] 

74 Malfertheiner P, Mayer D, Biichler M, Dominguez-Munoz 
JE, Schiefer B, Ditschuneit H. Treatment of pain in chronic 
pancreatitis by inhibition of pancreatic secretion with octreo¬ 
tide. Gut 1995; 36: 450-454 [PMID: 7698708] 

75 Lieb JG, Shuster JJ, Theriaque D, Curington C, Cintron M, 
Toskes PP. A pilot study of Octreotide LAR vs. octreotide tid 
for pain and quality of life in chronic pancreatitis. JOP 2009; 
10: 518-522 [PMID: 19734628] 

76 Burton F, Alkaade S, Collins D, Muddana V, Slivka A, Brand 
RE, Gelrud A, Banks PA, Sherman S, Anderson MA, Ro- 
magnuolo J, Lawrence C, Baillie J, Gardner TB, Lewis MD, 
Amann ST, Lieb JG, O'Connell M, Kennard ED, Yadav D, 
Whitcomb DC, Forsmark CE. Use and perceived effectiveness 
of non-analgesic medical therapies for chronic pancreatitis 
in the United States. Aliment Pharmacol Ther 2011; 33: 149-159 
[PMID: 21083584 DOI: 10.1111/j.l365-2036.2010.04491.x] 

77 Uden S, Bilton D, Guyan PM, Kay PM, Braganza JM. Ratio¬ 
nale for antioxidant therapy in pancreatitis and cystic fibrosis. 
Adv Exp Med Biol 1990; 264: 555-572 [PMID: 2244539] 

78 Bhardwaj P, Garg PK, Maulik SK, Saraya A, Tandon RK, 
Acharya SK. A randomized controlled trial of antioxidant 
supplementation for pain relief in patients with chronic 
pancreatitis. Gastroenterology 2009; 136: 149-159.e2 [PMID: 
18952082 DOI: 10.1053/j.gastro.2008.09.028] 

79 Siriwardena AK, Mason JM, Sheen AJ, Makin AJ, Shah NS. 
Antioxidant therapy does not reduce pain in patients with 
chronic pancreatitis: the ANTICIPATE study. Gastroenterol¬ 
ogy 2012; 143: 655-63.el [PMID: 22683257 DOI: 10.1053/ 
j.gastro.2012.05.046] 

80 Forsmark CE, Liddle RA. The challenging task of treat¬ 
ing painful chronic pancreatitis. Gastroenterology 2012; 143: 


November 14, 2013 | Volume 19 | Issue 42 | 


Olesen SS eta/. Pain management in chronic pancreatitis 


533-535 [PMID: 22841737DOI: 10.1053/j.gastro.2012.07.029] 

81 Cartmell MT, O'Reilly DA, Porter C, Kingsnorth AN. A 84 
double-blind placebo-controlled trial of a leukotriene recep¬ 
tor antagonist in chronic pancreatitis in humans. ] Hepatobili¬ 
ary Pancreat Surg 2004; 11: 255-259 [PMID: 15368110 DOI: 

10.1007/ s00534-004-0890-y] 85 

82 Levenick JM, Andrews CL, Purich ED, Gordon SR, Gardner 

TB. A phase II trial of human secretin infusion for refractory 
type B pain in chronic pancreatitis. Pancreas 2013; 42: 596-600 
[PMID: 23548879 DOI: 10.1097/MPA.Ob013e318273f3ec] 86 

83 Olesen SS, Graversen C, Bouwense SA, van Goor H, Wilder- 
Smith OH, Drewes AM. Quantitative sensory testing predicts 
pregabalin efficacy in painful chronic pancreatitis. PLoS 
One 2013; 8: e57963 [PMID: 23469256 DOI: 10.1371/journal. 


pone.0057963] 

Lane NE, Schnitzer TJ, Birbara CA, Mokhtarani M, Shelton 
DL, Smith MD, Brown MT. Tanezumab for the treatment of 
pain from osteoarthritis of the knee. N Engl ] Med 2010; 363: 
1521-1531 [PMID: 20942668 DOI: 10.1056/NEJMoa0901510] 
Pal M, Angaru S, Kodimuthali A, Dhingra N. Vanilloid 
receptor antagonists: emerging class of novel anti-inflamma¬ 
tory agents for pain management. Curr Pharm Des 2009; 15: 
1008-1026 [PMID: 19275664] 

Friess H, Zhu ZW, di Mola FF, Kulli C, Graber HU, Andren- 
Sandberg A, Zimmermann A, Korc M, Reinshagen M, 
Biichler MW. Nerve growth factor and its high-affinity recep¬ 
tor in chronic pancreatitis. Ann Surg 1999; 230: 615-624 [PMID: 
10561084] 


P- Reviewers: Abraham P, Barauskas G, Xu CF 
S- Editor: Zhai HH L- Editor: A E- Editor: Zhang DN 



WJG | www.wjgnet.com 


7301 


November 14, 2013 | Volume 19 | Issue 42 | 



J 


World Journal of 

Gastroenterology 


Online Submissions: http://www.wjgnet.com/esps/ World ] Gastroenterol 2013 November 14; 19(42): 7302-7307 

bpgoffice@wjgnet.com ISSN 1007-9327 (print) ISSN 2219-2840 (online) 

doi:10.3748/wjg.vl9.i42.7302 © 2013 Baishideng Publishing Group Co., Limited. All rights reserved. 


topic mqHLiqm' 


Asbjorn Mohr Drewes, MD, PhD, DMSc, Professor, Series Editor 

Pharmacological challenges in chronic pancreatitis 


Anne Estrup Olesen, Anne Brokjaer, Iben Wendelboe Fisher, Isabelle Myriam Larsen 


Anne Estrup Olesen, Anne Brokjaer, Iben Wendelboe 
Fisher, Isabelle Myriam Larsen, Mech-Sense, Department of 
Gastroenterology and Hepatology, Aalborg University Hospital, 
9000 Aalborg, Denmark 

Anne Brokjaer, Center for Sensory-Motor Interaction, Depart¬ 
ment of Health Science and Technology, Aalborg University, 
9000 Aalborg, Denmark 

Iben Wendelboe Fisher, Department of Drug Design and Phar¬ 
macology, Faculty of Health and Medical Sciences, University of 
Copenhagen, 1455 Copenhagen, Denmark 
Author contributions: All authors contributed to this review. 
Supported by The Danish Council for Strategic Research 
Correspondence to: Anne Estrup Olesen, MSc (pharm), 
PhD, Mech-Sense, Department of Gastroenterology and Hepatol¬ 
ogy, Aalborg University Hospital, Molleparkvej 4, 9000 Aalborg, 
Denmark, aneso@rn.dk 

Telephone: +45-99-326246 Fax: +45-99-326507 
Received: June 19,2013 Revised: October 2,2013 
Accepted: October 19,2013 
Published online: November 14,2013 


Abstract 

Drug absorption in patients with chronic pancreatitis 
might be affected by the pathophysiology of the dis¬ 
ease. The exocrine pancreatic insufficiency is associ¬ 
ated with changes in gastrointestinal intraluminal pH, 
motility disorder, bacterial overgrowth and changed 
pancreatic gland secretion. Together these factors can 
result in malabsorption and may also affect the efficacy 
of pharmacological intervention. The lifestyle of chronic 
pancreatitis patients may also contribute to gastrointes¬ 
tinal changes. Many patients limit their food intake be¬ 
cause of the pain caused by eating and in some cases 
food intake is more or less substituted with alcohol, 
tobacco and coffee. Alcohol and drug interaction are 
known to influence the pharmacokinetics by altering 
either drug absorption or by affecting liver metabolism. 
Since patients suffering from chronic pancreatitis expe¬ 
rience severe pain, opioids are often prescribed as pain 
treatment. Opioids have intrinsic effects on gastroin¬ 
testinal motility and hence can modify the absorption 


of other drugs taken at the same time. Furthermore, 
the increased fluid absorption caused by opioids will 
decrease water available for drug dissolution and may 
hereby affect absorption of the drug. As stated above 
many factors can influence drug absorption and me¬ 
tabolism in patients with chronic pancreatitis. The fac¬ 
tors may not have clinical relevance, but may explain 
inter-individual variations in responses to a given drug, 
in patients with chronic pancreatitis. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved. 

Key words: Pharmacology; Absorption; Metabolism; 
Chronic pancreatitis; Treatment 


Core tip: In patients with chronic pancreatitis several 
pathophysiological factors can account for malabsorp¬ 
tion and may also affect the efficacy of pharmacological 
intervention by reduced drug absorption. For example 
it can be speculated that changes in gastrointestinal 
intraluminal pH, motility disorder, bacterial overgrowth 
and changed pancreatic gland secretion may contrib¬ 
ute. The lifestyle of chronic pancreatitis patients may 
also be a factor to gastrointestinal changes. The factors 
may not have clinical relevance, but may explain inter¬ 
individual variations in responses to a given drug, in 
patients with chronic pancreatitis. 


Olesen AE, Brokjaer A, Fischer IW, Larsen IM. Pharmacological 
challenges in chronic pancreatitis. World J Gastroenterol 2013; 
19(42): 7302-7307 Available from: URL: http://www.wjgnet. 
com/1007-9327/full/vl9/i42/7302.htm DOI: http://dx.doi. 
org/10.3748/wjg.vl9.i42.7302 


INTRODUCTION_ 

Chronic pancreatitis is a persistent inflammation of 
the pancreas that results in irreversible morphological 
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changes and impairment of both exocrine and endocrine 
functions 1 * 1 . The etiology of chronic pancreatitis is multi¬ 
factorial and the risk factors include alcohol and nicotine 
consumption, hereditary factors, efferent duct obstruc¬ 
tions, immunological factors or rare metabolic disor¬ 
ders 1 ” 1 . It is well known that pancreatitis patients suffer 
from malabsorption 1151 and it could be hypothesized that 
this would also affect drug absorption. 

Drug absorption in patients with gastrointestinal dis¬ 
orders can be influenced by alterations in several factors. 
For example; gastric and intestinal motility, changes in the 
mucosal surface area available for drug absorption, and 
altered physical and chemical properties of the intestinal 
luminal content. These properties are usually changed 
in combination and the degree of each factor impact is 
dependent on the duration and severity of the disease 1 *’ 1 . 
Despite this, most of the data about bioavailability of 
orally administered drugs are obtained from healthy indi¬ 
viduals. 

The knowledge about drug absorption in patients 
with chronic pancreatitis is limited. It has been demon¬ 
strated that the pharmacokinetic profile of pregabalin 
was not extensively affected by chronic pancreatitis 1! . 
However, inter-individual variations were found and sev¬ 
eral factors affecting drug pharmacokinetic profiles in 
patients with chronic pancreatitis may be relevant to con¬ 
sider. 

This aim of this review was therefore to evaluate 
different factors which could possibly affect drug ab¬ 
sorption in chronic pancreatitis patients leading to phar¬ 
macological challenges in this patient group. Moreover, 
suggestions on how to diminish the impact of these fac¬ 
tors will be provided. 


GASTROINTESTINAL PHYSIOLOGICAL 
CHANGES THAT MAY AFFECT DRUG 
EFFECTS 

Two primary factors influencing bioavailability of orally 
administered medications is the amount of drug ab¬ 
sorbed, and metabolism by the liver. Hence, any factor 
influencing the gastrointestinal tract can alter drug ab¬ 
sorption, such as gastric pH, regional blood flow, mucosal 
surface area and gut motility [S1 . 

Drug absorption 

Chronic pancreatitis is a clinical condition in which exo¬ 
crine pancreatic insufficiency occur leading to secondary 
maldigestion. Several causes of exocrine pancreatic insuf¬ 
ficiency may be associated with changes in gastrointes¬ 
tinal physiology such as: (1) changes in gastrointestinal 
intraluminal pH; (2) motility disorders; (3) bacterial over¬ 
growth; and (4) pancreatic secretion. 

Together these factors can result in malabsorption 
and may also affect the efficacy of pharmacological treat¬ 
ment in exocrine pancreatic insufficiency 181 . The main 
clinical manifestation of exocrine pancreatic insufficiency 


is fat malabsorption, identified as steatorrhea 141 . Steator¬ 
rhea leads to deficit of fat-soluble vitamins (A, D, E and 
K) with consequent clinical manifestations 141 . Moreover, 
fat malabsorption may affect absorption of lipophilic 
drug formulations and as such deserves particular atten¬ 
tion 1 *’ 1 . 

Changes in intraluminal pH: Low intraluminal pH 
in the upper small intestine might be a factor in the 
pathogenesis of fecal loss of bile acids in pancreatic 
insufficiency 141 . The drug’s ability to cross membranes is 
determined by the environmental pH and the acid disso¬ 
ciation constant (pKa). Therefore, decreased intraluminal 
pH may affect drug absorption. However, this may be of 
variable importance, as changes in intraluminal pH might 
be negligible in some cases and more pronounced in oth¬ 
ers. 

Motility disorders: The rate of gastric emptying and 
intestinal transit is abnormal in patients with chronic pan¬ 
creatitis and this may affect the efficacy of treatments 181 . 
Gastric emptying can be accelerated due to diarrhea 141 or 
decreased by, e.g., opioids. Because most drugs are ab¬ 
sorbed through the small intestines, delayed gastric emp¬ 
tying will prolong the time to peak concentration and de¬ 
lay the onset of the action of a drug 191 . Clinicians should 
be aware that delayed gastric emptying can delay the 
onset of action of a medication if administered orally 1 ’ 1 . 
On the other hand accelerated gastric emptying will have 
the opposite effect. Taken together gastric emptying is 
likely to be a rate limiting step in drug absorption unless 
normal absorption (prolonged release) is slow 11 " 1 . 

Bacterial overgrowth: One mechanism which has 
been hypothesized between maldigestion and intestinal 
alterations relates to bacterial overgrowth in the small 
intestine. It has been speculated that lack of coordination 
between motor activity and peak of secretory activity in 
the gastrointestinal tract may reduce the effectiveness 
of the “housekeeper” function and thereby contribute 
to the intestinal bacterial overgrowth often observed in 
patients with chronic pancreatitis 1 " 1 . Bacterial overgrowth 
might either contribute to diarrhea or account for the 
persistence of diarrhea 141 . Moreover, bacterial overgrowth 
might give rise to bile acid malabsorption and changes 
in intestinal permeability 14 '*” 1 . Bacterial overgrowth may 
interfere with the normal intestinal environment and lead 
to atrophic mucosa with structural abnormalities which 
can decrease drug absorption 1 * ' 1 . 

Pancreatic gland secretion: The pancreatic gland 
normally secretes more than 2 L of juice per day (high 
protein content) with enzymes able to digest lipids, pro¬ 
teins and carbohydrates. Patients with exocrine pancreatic 
insufficiency exhibit decreased pancreatic bicarbonate 
secretion resulting in reduction in duodenal pH postpran¬ 
dial, leading to inactivation of orally administered exog¬ 
enous enzymes 1 *’ 1 . In the same line acidic inactivation of 
pancreatic enzymes is considered a significant reason for 
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failure of drug therapy 18 '. 

A combination of the above mentioned factors may 
affect drug absorption in patients with chronic pancreati¬ 
tis. Figure 1 illustrates the variance in absorption of pre- 
gabalin in a group of women with chronic pancreatitis. 

Drug elimination 

To our knowledge only one study investigated hepatic 
drug metabolism in patients with chronic pancreatitis and 
found reduced drug elimination capacity in this group of 
patients' 14 '. The results were most probably explained by 
the patients’ general state, with a fairly overt malnutrition, 
although theoretically, a subclinical, probably alcohol-in¬ 
duced, liver affection could not be ruled out' 14 '. Interest¬ 
ingly, the study results yielded the need for caution upon 
administration of drugs that are biotransformed in the 
liver. 

Thus, to optimize the efficacy of pharmaceutical 
treatment, the management of exocrine pancreatic insuf¬ 
ficiency should ideally be individually tailored to account 
for both the underlying cause and any associated distur¬ 
bance in gastrointestinal physiology. 

Lifestyle 

The gastrointestinal physiological changes in chronic 
pancreatitis can be further affected by patients’ lifestyle. 
Many patients limit their food intake because of the pain 
caused by eating and in some cases food intake is more 
or less substituted with tobacco and coffee' 13 '. Due to 
malabsorption and lifestyle factors, chronic pancreatitis 
patients are likely to have a lower body mass index than 
those not suffering from this disease'* 3 '. Thus, body mass 
index is an easy accessible but important factor to con¬ 
sider in dose decision in these patients, as drug disposi¬ 
tion might be affected. This is especially important when 
drugs with a narrow therapeutic index, such as, e.g., war¬ 
farin and digoxin are prescribed' 14 '. 

Furthermore, decreased food intake, could be an 
important factor in several cases of chronic pancreati¬ 
tis as food intake will affect some of the physiological 
processes, e.g., changes in pH, reduced gastric emptying 
time, increased gall secretion, increased motility, increased 
gastrointestinal and liver blood flow. Most of these pro¬ 


Figure 1 Absorption of pregabalin in eight female patients with 
chronic pancreatitis. Curves illustrate the variance in absorption 
of pregabalin after 75 mg pregabalin (oral capsule). Especially one 
patient varied from other subjects by having increased plasma 
concentration of pregabalin. Not a single cause could explain this 
outlier, but it could be a combination of several factors suggested. 


400 


cesses are already affected by the pancreatitis and hence 
these changes could possibly affect drug bioavailability. 
Consequently, reduced food intake in itself will worsen 
gastrointestinal physiological processes. 

Insufficient food intake due to nausea, anorexia or 
alcoholism may also be of some significance' 16 '. Alcohol 
abuse is a well known etiological factor (alcoholic chronic 
pancreatitis) and the lifestyle of the alcoholic chronic 
pancreatitis patient group is in general characterized by 
excessive alcohol consumption and smoking. Together, 
these factors can be further accompanied by insufficient 
food intake and will eventually also lead to malnutrition. 

Alcohol can be used as a central nervous system 
depressant to relieve pain and concerns about the dis¬ 
ease. Therefore many patients with chronic pancreatitis 
continue their alcohol consumption throughout disease 
progression. In relation to alcohol induced chronic pan¬ 
creatitis it is relevant to consider how the lifestyle with 
regard to alcohol- and alcohol related dietary habits may 
provide pharmacologically challenges. The most fre¬ 
quent pharmacological interaction is the combination 
of alcohol with other depressors of the central nervous 
system' 1 '. Moreover, alcohol drug interactions can influ¬ 
ence the pharmacokinetics of a drug by altering the drug 
absorption or by affecting the liver metabolism. The ef¬ 
fect will vary with, e.g., the amount of alcohol consumed, 
the nature of the drug, the dosage and how the drug is 
administered. There are various interactions between 
alcohol and drugs. Antihistamines, analgesics and antide¬ 
pressants are examples of drugs which may interact with 
alcohol. 

The liver is the primary site of drug metabolism and 
the cytochrome P450 mixed-function oxidase enzyme 
system, is primarily responsible for this process. Alcohol 
inhibits the oxidation of drugs by cytochrome P450 iso¬ 
enzyme (CYP2E1). In contrast, chronic alcohol consump¬ 
tion will cause induction of the CYP2E1 leading to in¬ 
creased drug metabolism. Previously, concerns have been 
raised regarding interactions of paracetamol and alcohol. 
However, paracetamol interaction is only a problem when 
ingestion of alcohol is suddenly stopped. Consequendy, 
the hepatic glutathione is unable to detoxify which leads 
to irreversible hepatic damage. Therefore, in chronic alco- 


Jgflishideng 1 


WJG | www.wjgnet.com 


7304 


November 14, 2013 | Volume 19 | Issue 42 | 




Olesen AE eta/. Pharmacology in chronic pancreatitis 


Table 1 Pathophysiological and lifestyle related effects on 
drug absorption 

Pathophysiology 

Effect on drug absorption 

Low intraluminal pH 

The drugs ability to cross the luminal wall 

Motility disorder 

Delayed drug effect 

Bacterial overgrowth 

Decreased absorption due to diarrhea or 
structural abnormalities 

Pancreatic secretion 

Lack of enzymes leads to inactivation of pro¬ 
drugs 

Steatorrhea 

Problems with absorption of lipophilic drugs 

Low body mass index 

Increased plasma concentration 


holic patients the consumption of alcohol should not be 
suspended on prescribing paracetamol 1 ' l Additionally, ex¬ 
tensive alcohol consumption may result in gastric mucosal 
injury and hereby further affect drug absorption 11,1 . 

Smoking may increase hepatic drug metabolism to a 
significant extent 1 ' 41 and may in addition result in induc¬ 
tion of the cytochrome oxidases 1 ' 81 . It has also been dem¬ 
onstrated that body mass index is associated with ciga¬ 
rette smoking in chronic alcoholic-associated pancreatitis 
patients; the more cigarettes smoked per day, the lower 
the mean body mass index 1 " 1 . This is in line with the 
hypothesis that alcohol consumption and smoking can 
cause insufficient food intake and hereby affecting drug 
absorptions. 

Abdominal pain is usually the symptom that causes 
patients with chronic pancreatitis to seek medical at¬ 
tention. In parallel, they can have a history of alcoholic 
abuse making opioids, with their associated abuse poten¬ 
tial together with other side effects as, for example, bowel 
dysfunction, less suitable for these patients and other 
treatment regimens should be considered 1 1 Recently it 
was demonstrated that pregabalin was superior to pla¬ 
cebo for attenuation of experimental visceral pain in 
chronic pancreatitis patients 1 ”'" 1 . Therefore, pregabalin may 
be used to treat pain in patients with chronic pancreatitis 
when there is a conflict or concern with abuse. 

A summary of pathophysiological effects on drug ab¬ 
sorption is given in Table 1. 


MANAGEMENT IN CHRONIC 
PANCREATITIS 

The physiological processes affected by chronic pancre¬ 
atitis are widespread. This section will focus on how to 
treat the pathophysiology of chronic pancreatitis in order 
to reduce the impact of factors possibly affecting drug 
absorption. 

Pharmacological management 

Enzyme therapy: The main goal with enzyme treatment 
is to achieve optimal enzyme activity in the duodenum 1 ”' 1 
and hereby improve the nutritional status, preventing 
weight loss, vitamin deficiencies and exocrine pancreatic 
insufficiency related symptoms, resulting in steatorrhea. 
The most widely used enzyme preparation is porcine 


pancreatin. The preparation contains a mixture of pro¬ 
tease, lipase and amylase 12 ” 1 . Lohr et <z/” 31 analyzed the 
effectiveness of different preparations and concluded 
that overall pancreatin preparation replacements must 
contain high lipase activity. Lipase of porcine pancreatin 
is destroyed by protease and acids, thus it is necessary to 
protect the pancreatin against the influence of gastric ac¬ 
ids. Another factor that is of great importance is the par¬ 
ticle size and the rate of which the porcine pancreatin is 
released into the duodenum. The best particle size is as¬ 
sumed to be a diameter of ^ 2 mm, since these particles 
leaves the stomach at the same time as solid food. The 
enzymes should be released within 30 min 1 ” 41 . Pancre¬ 
atic enzyme supplements improve fat absorption 1 ” 51 , and 
hence reduces steatorrhea 1 ” 61 and this may have beneficial 
effects on drug absorption. In contrast high-dose enzyme 
replacement therapy with or without gastric acid sup¬ 
pression may cause additional challenges related to drug 
absorption and interactions if additional drug therapy is 
required 1 " 1 . Thus, enzyme treatment can either enhance or 
complicate drug absorption in different aspects and this 
should be considered in the pharmacological manage¬ 
ment of clinical symptoms. 

Endoscopic therapy or surgical management 

More invasive treatment is recommended for patients 
with pancreatic duct stones and pancreatic obstruction 
in whom standard medical therapy is not sufficient. The 
goals of endoscopy and surgery are to decompress ducts, 
dilate stricture with stent placement and preserve pancre¬ 
atic tissue and adjacent organs 1 ” '” 81 . Endoscopic therapy 
should be the first-line option because it is less invasive 
than surgery 1 ” 41 . Surgery should be the first-line option 
in patients in whom endoscopic therapy failed or those 
with pancreatic mass with suspicion of malignancy 1 ”’ 1 . It 
has been assumed that invasive procedures designed to 
improve drainage of the main pancreatic duct, will result 
in decreased pain. It could therefore be hypothesized 
that pain attenuation can improve the lifestyle and hereby 
indirectly affecting drug absorption. There is consensus 
that endoscopical and surgical management have both 
benefits and harms 1 ”" 1 and it has been suggested that man¬ 
agement may include medical, endoscopic and surgical 
approaches with the interaction between various special¬ 
ties, calling for a concerted multidisciplinary approach 1 ” 81 . 
Moreover, as surgery has a low rate of success with at¬ 
tendant morbidity, mortality and slow recovery rates, it is 
not considered an option for optimizing absorption of 
drug in the pharmacological management. 

Lifestyle changes 

Patients with chronic pancreatitis are often advised to 
eat small meals with low-fat content (< 20 g of fat) in an 
attempt to decrease the need of pancreatic secretion 11 " 1 . 
Low-fat diets decreases the amount of overall fat pre¬ 
sented to the intestine for digestion and absorption, and 
may be helpful alleviating steatorrhea 1 ”" 1 and hereby could 
lead to better conditions for some drug absorptions. 
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However, a systematic review of benefits and harms of 
low-fat diet in chronic pancreatitis found no studies of 
sufficient quality to confirm the effect of low-fat diet 1 2 3 4 5 6 7 8 ’ 11 . 
Thus, if people are given pancreatic enzyme supple¬ 
ments, they are usually advised to maintain a normal diet, 
as there is no need to lower fat intake alongside enzyme 
supplementation 1311 . 

Overeating is dissuaded, instead smaller meals on a 
more frequent basis is preferred. Frequent meals will also 
benefit gastric motility and result in more normal gastro¬ 
intestinal conditions, and hereby improve drug absorp¬ 
tion. The restriction in fat intake should be monitored 
by a dietitian who follows the total caloric intake and 
the diet should compensate the loss in caloric intake by 
carbohydrate-enriched diet. On a carbohydrate-enriched 
diet 65%-70% of the total daily energy intake should 
derive from carbohydrate. Hereby, it is possible for the 
patient to gain weight, which again will be beneficial in 
several ways, e.g, in relation to drug absorption, where 
body weight and body composition is directly related to 
drug distribution volumes. 

In general alcohol consumption and smoking should 
be diminished or avoided to reduce the impact on the 
pharmacokinetic profiles. Total alcohol abstinence is only 
recommended for patients whose chronic pancreatitis is 
derived from alcohol abuse. 


ADDITIONAL GASTROINTESTINAL 
CHANGES CAUSED BY OPIOIDS 

Patients with painful chronic pancreatitis are often treated 
with opioids which lead to diverse issues and alterations 
in the gastrointestinal tract. Opioids have intrinsic effects 
on gastrointestinal motility and can modify the absorp¬ 
tion of other drugs taken at the same time 1 " 1 . It has been 
demonstrated that, e.g., tramadol is an effective oral opi¬ 
oid analgesic for reducing pain in people with chronic 
pancreatitis, but it is also associated with gastrointestinal 
adverse effect 1261 . Opioids will affect opioid receptors in 
the enteric nervous system and will cause changes in mo¬ 
tility, sphincter function and secretion which affect ab¬ 
sorption leading to opioid induced bowel dysfunction 1321 . 

Opioid induced decreased motility occurs throughout 
the entire gastrointestinal tract. In the circular muscle in 
the small and large intestine, opioids induce increased 
resting contractile tone and decreases tonic inhibition 
of the muscle tone, which leads to increased tone in the 
circular muscle layer. This is accompanied by occasional 
occurrence of high-amplitude, non-propulsive phasic 
contractions enhanced by rhythmic contractions and 
associated changes in smooth muscle electrical activity. 
These motility abnormalities result in decreased propul¬ 
sive forward peristalsis, and increased segmental contrac¬ 
tion which in clinical settings manifests as constipation, 
abdominal cramps and gut spasm 133 " 351 . An additional con¬ 
sequence of this peristaltic disruption is stasis of luminal 
contents, which leads to increased passive fluid absorp¬ 
tion 1 "' 1 . Furthermore, intestinal fluid secretion is inhibited 
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by opioids directly via the enteric nervous system. In the 
sympathetic nervous system opioids also increase activity 
and thereby decrease the secretion. Serotonin and nor¬ 
adrenaline as terminal transmitters seems to dominate the 
local effect 137,381 . An overall decreased gut secretion of in¬ 
testinal fluids takes place and together leads to harder and 
dryer stools 136 ' 381 . Therefore, patients treated with opioids 
might have even more pronounced decreased motility 
which will complicate drug absorption further. Further¬ 
more, as solid drug forms must dissolve before absorp¬ 
tion can occur; dissolution rate determines availability of 
the drug for absorption. The increased fluid absorption 
caused by opioid effects will decrease water available for 
drug dissolution and may hereby affect absorption. If 
dissolution is slower than absorption it becomes the rate- 
limiting step. 


CONCLUSION 

Several factors might affect drug absorption and metabo¬ 
lism in patients with chronic pancreatitis: gastric pH, re¬ 
gional blood flow, mucosal surface area and gut motility. 
The impact of these factors on drug absorption may be 
reduced by treating the pathophysiology of chronic pan¬ 
creatitis. Treatment can be pharmacological management, 
enzyme therapy, endoscopic therapy or surgical manage¬ 
ment. Moreover, as gastrointestinal physiological changes 
in chronic pancreatitis can be affected by patients’ life¬ 
style, lifestyle changes may lead to more optimal drug 
absorption. However, issues raised in this review may 
not have clinical relevance, but could explain part of the 
variation observed in drug effects in this patient group. 
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Abstract 

Pseudocysts and biliary obstructions will affect approxi¬ 
mately one third of patients with chronic pancreatitis 
(CP). For CP-related, uncomplicated, pancreatic pseu¬ 
docysts (PPC), endoscopy is the first-choice therapeutic 
option. Recent advances have focused on endosonog- 
raphy-guided PPC transmural drainage, which tends to 
replace the conventional, duodenoscope-based coma 
immediately approach. Ancillary material is being tested 
to facilitate the endosonography-guided procedure. In 
this review, the most adequate techniques depending 
on PPC characteristics are presented along with sup¬ 
porting evidence. For CP-related biliary obstructions, 
endoscopy and surgery are valid therapeutic options. 
Patient co-morbidities ( e.g ., portal cavernoma) and 
expected patient compliance to repeat endoscopic pro¬ 
cedures are important factors when selecting the most 
adapted option. Malignancy should be reasonably ruled 
out before embarking on the endoscopic treatment of 
presumed CP-related biliary strictures. In endoscopy, 


the gold standard technique consists of placing simul¬ 
taneous, multiple, side-by-side, plastic stents for a one- 
year period. Fully covered self-expandable metal stents 
are challenging this method and have provided 50% 
mid-term success. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved. 

Key words: Biliary stricture; Chronic pancreatitis; Pseu¬ 
docyst; Endoscopic retrograde cholangio-pancreatogra- 
phy; Endoscopic ultrasonography; Stent 


Core tip: Endoscopy is the first-choice treatment of 
pancreatic pseudocysts. The transduodenal route may 
be preferable over the transgastric route. Two transmu¬ 
ral double pigtail stents should be left for at least 2 mo. 
In the case of a disconnected pancreatic tail, secretin- 
enhanced magnetic resonance pancreatography should 
be obtained to decide about stent removal. Biliary 
strictures should be thoroughly investigated to rule out 
malignancy. To this aim, improved methods of biliary 
sampling have become available. Even with multiple 
biliary stents, potentially fatal cholangitis is frequent 
in the absence of regular stent revision. Fully covered 
self-expandable metal stents have provided 50% mid¬ 
term success. 


Dumonceau JM, Macias-Gomez C. Endoscopic management 
of complications of chronic pancreatitis. World J Gastroenterol 
2013; 19(42): 7308-7315 Available from: URL: http://www.wjg- 
net.com/1007-9327/full/vl9/i42/7308.htm DOI: http://dx.doi. 
org/10.3748/wjg.vl9.i42.7308 


INTRODUCTION 

Common local complications of chronic pancreatitis 
(CP) include pancreatic pseudocysts (PPCs) and bili- 
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ary obstructions. These two complications develop in 
patients during the course of CP at a rate of 20%-40% 
for PPCs and 3%-23% for biliary obstructions 11 ’" 1 . PPCs 
consist of a collection of pancreatic juice enclosed by 
a wall of fibrous granulation tissue, which may arise as 
a consequence of acute pancreatitis, pancreatic trauma 
or CP 1 ’'. Biliary obstruction may be caused by fibrosis, 
compression by a PPC or cancer. The present review 
covers the full spectrum of endoscopic management of 
local complications of CP; it is not an analysis of specific 
studies and it does not encompass the management of 
uncomplicated CP, which has recently been reviewed 
elsewhere 141 . 


SEARCHES 

Searches for relevant articles were conducted in Medline 
through PubMed on May 2013, without time limits, using 
the following search terms: “pancreatitis, chronic”[MeSH 
Terms] OR (“pancreatitis” [All Fields] AND “chronic” 
[All Fields]) OR “chronic pancreatitis”[AU Fields] OR 
(“chronic”[All Fields] AND “pancreatitis”[AU Fields]) 
AND pseudocyst[All Fields] AND (“endoscopy” [MeSH 
Terms] OR “endoscopy”[All Fields]) OR “pancreatitis, 
chronic” [MeSH Terms] OR (“pancreatitis” [All Fields] 
AND “chronic” [All Fields]) OR “chronic pancreatitis” 
[All Fields] OR (“chronic” [All Fields] AND “pancreatitis” 
[All Fields]) AND pseudocysts [All Fields] AND (“sur¬ 
gery” [Subheading] OR “surgery”[All Fields] OR “surgical 
procedures, operative”[MeSH Terms] OR (“surgical”[All 
Fields] AND “procedures”[All Fields] AND “opera¬ 
tive” [All Fields]) OR “operative surgical procedures” [All 
Fields] OR “surgery” [All Fields] OR “general surgery” 
[MeSH Terms] OR (“general”[All Fields] AND “surgery” 
[All Fields]) OR “general surgery”[All Fields]); “pan¬ 
creatitis, chronic”[MeSH Terms] OR (“pancreatitis’’[All 
Fields] AND “chronic”[All Fields]) OR “chronic pancre¬ 
atitis” [All Fields] OR (“chronic” [All Fields] AND “pan¬ 
creatitis” [All Fields]) AND biliary[All Fields] AND (“en- 
doscopy”[MeSH Terms] OR “endoscopy”[All Fields]). 
Articles written in English were selected for complete re¬ 
view on the basis of the abstract. Additional papers were 
identified by manually checking the reference lists of the 
articles selected for review. 


PANCREATIC PSEUDOCYSTS_ 

Differential diagnosis of pseudocyst-cystic neoplasm 

Pseudocysts are the most frequent pancreatic fluid collec¬ 
tions. The differential diagnosis between PPCs and cystic 
neoplasms or, less frequently, necrotized tumors, may be 
difficult in patients who present for the first time with a 
pancreatic fluid collection. Amongst the various cystic 
neoplasms that may affect the pancreas, mucinous cystic 
neoplasms and intraductal papillary mucinous neoplasms 
harbor a malignant potential-many of which require 
surgical resection 131 . As only a few of the available tests 
provide a high degree of certainty, a diagnosis is usually 


made by analyzing a set of data, including demographic 
data and clinical history 161 , cross-sectional imaging 171 , and 
endosonography-guided sampling of the fluid content 
and of the wall of the lesion 1 ’’’’l Research has recently 
focused on the identification of new biomarkers and on 
in vivo confocal microscopic examination of the cyst wall 

through a needle inserted under endosonographic guid- 

[ 10 , 11 ] 

ance 

Indications for treatment 

Widely accepted indications for PPC treatment include 
the presence of symptoms such as abdominal pain, gas¬ 
tric outlet obstruction, early satiety, weight loss, jaundice, 
and infected or enlarging PPC 11 " 1 . Some authors also 
recommend treating PPCs in asymptomatic patients to 
prevent potential PPC-related complications, although 
these occur only in a minority of patients 1 * 3 ’ 141 . Other 
such debated indications include compression of major 
vessels, intracystic hemorrhage, pancreaticopleural fistula, 
and PPCs with a diameter greater than 5 cm without any 
regression after more than 6 wk and a cyst wall thickness 
larger than 5 mm 1 * 51 . In patients with CP, PPCs rarely 
resolve spontaneously, particularly if their diameter is 
greater than 4 cm or if they have developed outside of 
the pancreas 1 * 61 . 

Results: Choosing endoscopic vs surgical treatment 

Endoscopic drainage is recommended as a first-line treat¬ 
ment of accessible uncomplicated PPCs because it pro¬ 
vides significantly better results compared to surgery in 
terms of cost, duration of hospital stay and quality of life 
up to three months post-procedure, as demonstrated in 
a small randomized controlled trial (RCT) [171 . Reviews of 
non-comparative historical series of endoscopic and of 
surgical treatments of PPCs have reported similar results 
for both modalities in terms of morbidity, with 13% for 
endoscopic treatments and 16% for surgical treatments. 
A PPC recurrence rate during long-term follow-up has 
also been reported of 11% vs 10%, respectively, for endo¬ 
scopic and surgical treatments. An advantage was found 
in favor of the endoscopic method in terms of mortality 
(0.2% m2.5%) [15 ’ 181 . 

Some, but not all, authors have reported that endo¬ 
scopic PPC drainage yielded higher success rates in the 
setting of CP vs acute pancreatitis. For example, Baron et 
aP 91 reported resolution of 92% of chronic pseudocysts 
vs 74% of acute pseudocysts in a series of 138 patients 
while Hookey et a/"" 1 reported resolution of 94% of 
chronic pseudocysts vs 92% of acute pseudocysts in a se¬ 
ries of 116 patients. 

A first-line surgical approach is usually adopted if 
necrosis has not yet liquefied and if treatment cannot be 
delayed. Endoscopy carries a lower success rate and high¬ 
er morbidity rate in such instances; the reader is referred 
to a recent review for the comparison of currently avail¬ 
able techniques in this particular indication 1 "' 1 . Pancreatic 
necrosectomy requires expert endoscopic skill, dedication 
and adequate patient selection. 


l£ 

jSoilhjLj* WJG | www.wjgnet.com 


7309 


November 14, 2013 | Volume 19 | Issue 42 | 






Dumonceau JM eta/. Endoscopy for CP-related complications 


Endoscopic technique 

Access route: A direct communication between the PPC 
and the main pancreatic duct (MPD) may be demon¬ 
strated in 40%-66% of all PPCs 1 ”” 1 . Such a communica¬ 
tion allows drainage of the PPC via a stent inserted into 
the PPC through the papilla (“transpapillary drainage”) as 
opposed to a stent being inserted into the PPC through 
the digestive wall (“transmural drainage”). 

No RCT has compared the transpapillary vs the trans¬ 
mural drainage route but, in nonrandomized comparative 
studies, procedure-related morbidity was lower with the 
transpapillary route (2% vs 15%) and long-term suc¬ 
cess was similar 1 - 0 ' 31 . The transpapillary route is usually 
reserved for relatively small (diameter < 5 cm) PPCs lo¬ 
cated in the head or the body of the pancreas. 

“Conventional” endoscopic-guided vs endosonography- 
guided technique 

Endosonography-guided PPC drainage tends to replace 
the “conventional” endoscopic approach that uses a 
duodenoscope or, in some cases, a gastroscope. A recent 
meta-analysis found that the single demonstrated ad¬ 
vantage of the endosonography-guided technique is the 
possibility to drain non-bulging PPCs 1 ” 41 , which represent 
approximately half of all PPCs [ - ! . The most important 
limitations of the endosonography-guided technique 
reside in the thinner diameter of the working channel 
of the echoendoscope and in the lower maneuverability 
of the elevator. While the “conventional” approach is 
relatively standardized, new material is constantly being 
tested to make endosonography-guided PPC drainage a 
single-step, reliable procedure. One of the most recent 
devices allows puncturing, dilating the puncture tract and 
inserting two guidewires into the PPC without any device 
exchange. The device is made of a catheter with two bal¬ 
loons, one to anchor it to inside the PPC and the other 
one to dilate the puncture tract 1 ” 51 . 

Transgastric vs transduodenal transmural route 

Some PPCs may be accessed through either the gastric 
or the duodenal wall. In such cases, the transduodenal 
route may be preferable as long-term success has been 
reported more frequently with the transduodenal vs the 
transgastric route (83% vs 64%); procedure-related mor¬ 
bidity was 10% with both routes 1 ” 0 ' 1 . The difference in 
long-term success may be related to the longer durability 
of cystoduodenal compared with cystogastric fistulas (the 
latter ones typically close a few days after stent removal). 

Number and type of stents 

Two double pigtail stents are usually inserted for trans¬ 
mural drainage; a naso-cystic catheter may be left in place 
to rinse the PPC cavity with saline if debris is present. 
In a large retrospective series, the insertion of a single 
vs multiple stent was independently associated with the 
failure of endoscopic PPC drainage, defined as severe 
procedure-related complication or need for another treat¬ 
ment modality 1 ” l In that series, straight stents were used 


and they were associated with frequent bleeding (7% of 
patients, with surgery required in two thirds of them) and 
stent migration. 

Stenting duration 

Enterocystic transmural stents should not be retrieved 
before PPC resolution and not before at least 2 mo of 
stenting. This recommendation is mostly based on a RCT 
that allocated 28 patients (including 15 with CP) who had 
PPC resolution after transmural drainage to either stent 
maintenance or early stent retrieval; in the latter alloca¬ 
tion group, stent retrieval was performed at a median of 
2 mo post stent insertion 1 ” 81 . PPC recurrence was more 
frequent in the early stent retrieval group (38% vs 0%) 
and, in another, retrospective, series, a stenting duration 
of 6 wk or less was independently associated with the 
failure of endoscopic PPC drainage 1 ” 1 . 

Procedure-related complications 

Reported figures largely vary from center to center with 
average morbidity rates of 13% and average mortality 
rates of 0.3% 115,29 l Major complications include hemor¬ 
rhage, perforation and infection. Most of these can be 
managed by non-operative means, including endoscopic 
coagulation, arterial embolization, repeat endoscopic 
drainage in the case of secondary infection and antibiot¬ 
ics in the case of retroperitoneal perforation. The follow¬ 
ing measures may help in preventing procedure-related 
complications: 

Secondary infection: Although no data on the efficacy 
of antibiotic prophylaxis for endoscopic PPC drainage 
are available, antibiotic administration has been recom¬ 
mended immediately before transmural or transpapil¬ 
lary PPC drainage 1 ’" 1 . The decision whether to continue 
antibiotics or not after the procedure should be based 

on drainage adequacy and on the presence or absence of 
• [ 12 ] 
necrosis . 

Bleeding: Severe bleeding usually arises from dilated 
arteries or veins. Pseudoaneurysms of the splenic artery 
may develop in the vicinity of PPCs. Imaging preceding 
the endoscopic drainage of PPCs should look for pseu¬ 
doaneurysms and, in the case that one is discovered, have 
its prophylactic embolization discussed if the transmural 
route is elected. Extrahepatic portal hypertension devel¬ 
ops during the course of CP in 15% or more of patients. 
It is frequently associated with PPC as well as leading 
to higher morbidity in patients who undergo pancreatic 
surgery 1311 . The endosonography-guided technique of 
PPC drainage has been recommended in such patients al¬ 
though it has not been demonstrated to decrease the risk 
of bleeding 1321 . 

In the case of infected PPC, should the strategy be 
different? 

Primary infection is a rare complication of CP-related 
PPCs; secondary infection following stent occlusion or 
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endoscopic attempt at draining pancreatic necrosis is 
more frequent 13 ’ 1 . 

Infected PPCs present a thick content that may not 
drain adequately through one or two thin plastic stents. 
Traditionally, in such cases, more large-bore stents are 
inserted together with a nasocystic catheter that is used 
for PPC irrigation. These additional interventions have 
resulted in similarly high success rates in patients with 
infected PPCs as compared with those who present un¬ 
complicated PPC 1 '""’ 341 . As inserting multiple stents plus a 
nasocystic catheter requires time and may be technically 
challenging, fully covered self-expandable metal stents 
(FCSEMSs) seem to be a promising alternative for drain¬ 
ing PPCs with a thick content. In a series of 20 patients 
with an infected PPC that was drained by endosonogra- 
phy-guided FCSEMS transmural insertion alone, clini¬ 
cal success was achieved in 17 patients 1 ” 1 . The authors 
suggested that using FCSEMSs rather than plastic stents 
plus nasocystic drains in patients with infected PPCs may 
decrease the number of endoscopic procedures, increase 
the final success rate, and reduce the time required for 
PPC resolution. FCSEMSs specifically designed for PPC 
drainage have become available from various manufac¬ 
turers; they present a short length, a large lumen, and a 
diabolo shape aimed at preventing stent migration 1 ”’ ’ 31 . 

In the case of complete MPD rupture, should the 
strategy be different? 

If complete MPD rupture occurs, the disconnected pan¬ 
creatic tail may keep secreting pancreatic juice that, in 
the absence of effective drainage, will lead to prolonged 
fluid accumulation. Bridging of complete MPD ruptures 
should be attempted and a combination of transmural 
PPC drainage plus a transpapillary stent bridging the 
MPD rupture should be considered 137,381 . The stent should 
be left in place for a long duration, at least as long as 
secretin-enhanced magnetic resonance pancreatography 
demonstrates juice outflow from the disconnected pan¬ 
creatic tail 13 ’ 1 . 


BILIARY STRICTURES 

Differential diagnosis 

It is of paramount importance to reasonably rule out ma¬ 
lignancy before embarking on the endoscopic treatment 
of presumed CP-related biliary strictures, as such a treat¬ 
ment usually lasts for one year and the course of pancre¬ 
atic cancer is rapid. Particular attention should be paid to 
patients who present risk factors for pancreatic cancer; 
these include patients over 50 years of age, female gen¬ 
der, white race, or an absence of pancreatic calcifications 
and presence of exocrine insufficiency 14 " 4 ' 1 . Patients with 
hereditary pancreatitis present a very high risk of pancre¬ 
atic cancer. 

The accuracy of standard CT scanning and of endo- 
sonography for disclosing pancreatic cancer is limited in 
patients with CP 14 ”' 4 ’ 1 . Endosonography, supplemented 
by fine needle aspiration (FNA) plus biliary endoluminal 


sampling and assessment of malignancy biomarkers, is 
part of the standard work-up of a biliary stricture de¬ 
tected in the setting of CP. Other examination modalities 
such as probe-based endoluminal real-time microscopy 
are investigational. It should be kept in mind that endo- 
sonography-guided FNA is less accurate in the presence 
than in the absence of CP 141,441 , although this decrease in 
accuracy has been suggested to be confined to a subset 
of patients who present with obstructive jaundice and 
a biliary stent 14 ’ 1 . Furthermore, in the community, the 
accuracy of endosonography-guided FNA for diagnos¬ 
ing pancreatic cancer is likely to be much lower than the 
90% figure that is widely reported in the literature (latter 
reports originate from tertiary centers and use per-pro- 
tocol analysis) [4M7 l The technical details of the sampling 
procedure and of the sample processing are extremely 
important to reach a high diagnostic accuracy; they have 
recently been reviewed elsewhere for endosonography- 
guided FNA and for endoluminal biliary sampling 148 ' 501 . 
Recent improvements in the field of endoluminal bili¬ 
ary sampling include the development of more effective 
sampling devices and the use of rapid on-site examina¬ 
tion for smears as well as for tissue biopsies 148,51,521 . 

Indications for treatment 

Generally accepted indications for the treatment of CP- 
related biliary strictures include symptoms such as sec¬ 
ondary biliary cirrhosis, biliary stones, progression of 
biliary stricture, and asymptomatic elevation of serum 
alkaline phosphatase (greater than 2 or 3 times the upper 
limit of normal values) or of serum bilirubin or both for 
longer than one month. 

Results: Choosing endoscopic vs surgical treatment 

Guidelines recently issued by the European Society of 
Gastrointestinal Endoscopy propose that the choice 
between endoscopic and surgical treatment should rely 
on local expertise, loco-regional or systemic patient co¬ 
morbidities and expected patient compliance with repeat 
endoscopic procedures 1 ’ 31 . No strong recommendation 
could be made about the choice between the endoscopic 
and the surgical approach to CP-related biliary strictures 
due to the lack of comparative studies. In conditions dif¬ 
ferent from CP, two comparative nonrandomized studies 
that included 143 patients with biliary strictures related 
to a traumatism have found that long-term success was 
similar (77%-83%) with the endoscopic and the surgical 
approaches 1 ’ 4,5 ’ 1 . However, the endoscopic techniques 
used in these studies are not current anymore and the 
endoscopic treatment is more effective in post-traumatic 
compared with CP-related biliary strictures 1 ”' 1 . Another 
study has compared the endoscopic vs the surgical drain¬ 
age of CP-related biliary strictures; however, surgery was 
performed in only 6 patients, of whom five also had a 

• [56] 

pancreatic resection . 

Patient complications such as portal cavernoma or 
cirrhosis are often decisive factors in the selection of the 
endoscopic vs the surgical modality. Other factors that 
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may influence this selection include the expected patient 
compliance with endoscopic stent exchanges and, less 
importantly, the presence or absence of pancreatic calci¬ 
fications. In a retrospective series of 14 patients, only two 
patients presented for elective stent exchanges scheduled 
at 3-mo intervals 1 ’ 1 . Most patients were admitted with 
biliary infection due to stent occlusion after the sched¬ 
uled stent exchange date. Another series that included 29 
patients treated with multiple, side-by-side, plastic biliary 
stents reported the occurrence of at least 20 episodes 
of cholangitis (in this latter series, stents were exchanged 
when symptoms of clogging developed). The mean in¬ 
terval between stent exchanges was 6 mo in patients who 
were alive at the end of follow-up as compared to 22 mo 
(P < 0.05) in the three patients who died during follow¬ 
up (two of them from cholangitis) 1 ’ 81 . The presence of 
pancreatic calcifications has been associated with long¬ 
term failure of single plastic biliary stenting 1 ’' 1 but this 
factor may be less relevant if simultaneous multiple, side- 
by-side, plastic stents are used 16 " 1 . 

Endoscopic technique 

Plastic stents: If the endoscopic treatment modality is 
selected, temporary placement of simultaneous multiple, 
side-by-side, plastic stents is the gold standard amongst 
the various techniques available. A single nonrandom- 
ized series has compared long-term results after tempo¬ 
rary placement of single vs multiple simultaneous plastic 
stents; clinical success was reported in 24% vs 92% of 
patients, respectively 161 ' 1 . 

From a practical point of view, amongst plastic biliary 
stents, polyethylene models are recommended because 
they allow obstruction relief more frequently than Tef¬ 
lon models 16 * 1 , and the exchange of plastic stents with an 
increasing number of stents is usually scheduled at 3-mo 
intervals for a total stenting duration of 12 mo |SW "l It 
has recently been suggested that with multiple, side-by- 
side, plastic stents, the interval between stent exchanges 
could be extended 1631 . However, as mentioned above, 
special care should be taken regarding the generally poor 
compliance and poor physical status of patients with 
alcoholic CP. It is recommended to implement a recall 
system to care for patients who do not turn up for stent 
exchanges at scheduled dates. 

Self-expandable metal stents: “Definitive” insertion 
of self-expandable metal stents (SEMSs) {i.e., with no 
intended SEMS removal) for benign biliary strictures 
has almost been abandoned due to the development 
of biliary epithelial hyperplasia that leads to late biliary 
obstruction 1641 . Recent studies of the endoscopic treat¬ 
ment of CP-related biliary strictures have focused on 
the temporary placement of covered SEMS with a shift 
of interest from partially covered to fully covered SEMS 
designs 165,661 . Spontaneous SEMS migration has been the 
main drawback with FCSEMSs; new stent designs aiming 
to prevent migration include the adjunction of anchoring 
fins, the positioning of the stent covering on the internal 


side of the SEMS and a flared-ends design. Such SEMSs 
remain investigational for the treatment of benign biliary 
strictures. 

If FCSEMSs are used to treat benign biliary stric¬ 
tures, a stenting duration > 90 d is recommended as this 
was independently associated with stricture resolution in 
a multicenter trial that included 133 patients with benign 
biliary strictures, 44 of these being CP-related 1 ’ l In this 
trial, stricture resolution at the time of stent removal was 
reported in 26 (59%, intention-to-treat analysis) patients 
with CP. Other studies that included more than 10 pa¬ 
tients followed up for at least one year after FCSEMS 
removal showed a success rate of approximately 50%: (1) 
Perri et al bS[ inserted a Niti-S stent with either a straight 
or a flared-ends design in 17 patients who had previ¬ 
ously received a single plastic stent. Two years following 
FCSEMS removal, 56% of patients had presented no 
stricture relapse and had normal liver function tests. The 
flared-ends design partially prevented FCSEMS migration 
while all straight FCSEMSs migrated; and (2) Poley et «/ 68] 
inserted a Hanaro prototype FCSEMS in 13 patients who 
had previously received a single plastic stent; success was 
reported in 6 (43%) of them. 

FCSEMS currently are the most promising alterna¬ 
tive to multiple, side-by-side, plastic biliary stents. Despite 
their main advantages, i.e., a reduced number of endosco¬ 
py procedures and a lower incidence of stent obstruction, 
FCSEMSs need improvements in their design as well as 
additional large multicenter trials before they can possibly 
be recommended as a first-line option for the endoscopic 
treatment of CP-related biliary strictures. 


OTHER COMPLICATIONS 

Other complications of CP include splenic vein throm¬ 
bosis, pancreatic adenocarcinoma, pancreatic ascites and 
pleural effusion. 

Splenic vein thrombosis is present in approximately 
12% of patients with CP and it is usually asymptomatic 
but may cause bleeding in 7% of patients 16 ' 1 . In the case 
of bleeding, endoscopic variceal obturation using N-bu- 
tylcyanoacrylate is effective in achieving hemostasis, and 
a splenectomy is an effective way to prevent recurrent 
bleeding 17 " 1 . 

For the treatment of pancreatic adenocarcinoma, the 
endosonography-guided delivery of various cytotoxic 
agents is a rapidly evolving field that remains investiga¬ 
tional 1 11 . 

Pancreatic ascites and pleural effusion are rare com¬ 
plications of CP; they may or may not be associated 
with PPC and they present a high morbidity. The aim of 
endoscopic therapy in such patients is to insert a stent to 
bridge the MPD rupture that is responsible for pancreatic 
juice leakage; high success rates have been reported 1 


CONCLUSION 

Progress has recently been made in the field of the endo- 
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scopic treatment of CP-related complications. 

With regard to uncomplicated PPCs, endoscopic 
drainage has been shown to be feasible in almost all cases 
and to be superior to surgical drainage. Techniques asso¬ 
ciated with the best clinical outcome have been identified. 
With regard to CP-related biliary obstructions, improve¬ 
ments in the design of FCSEMSs are challenging the 
standard technique and have the potential to improve 
patient acceptability. 
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Abstract 

Hepatocellular carcinoma (HCC) is the most frequent 
primary liver tumor, and overall, it is one of the most 
frequent cancers. The association of HCC with chronic 
liver disease, and cirrhosis in particular, is well known, 
making treatment complex and challenging. The treat¬ 
ment of HCC must take into account the presence and 
stage of chronic liver disease, with the aim of preserv¬ 
ing hepatic function that is often already impaired, the 
stage of HCC and the clinical condition of the patient. 
The different treatment options include surgical resec¬ 
tion, transplantation, local ablation, chemoemboliza- 
tion, radioembolization and molecular targeted thera¬ 
pies; these treatments can be combined in various 
ways to achieve different goals. Ideally, liver transplan¬ 
tation is best treatment for early stage HCC on cirrho¬ 
sis because it removes both the tumor and the chronic 
disease that produced it; however, the application of 
this powerful tool is limited by the scarcity of donors. 
Downstaging and bridging are different strategies for 
the management of HCC patients who will undergo 
liver transplantation. Several professionals, including 


gastroenterologists, radiologists and surgeons, are in¬ 
volved in the choice of the most appropriate treatment 
for a single case, and a multidisciplinary approach is 
necessary to optimize the outcome. The purpose of 
this review is to provide a comprehensive description 
of the current treatment options for patients with HCC 
by analyzing the advantages, disadvantages and ratio¬ 
nale for their use. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved. 

Keywords: Hepatocellular carcinoma; Multimodal treat¬ 
ment; Locoregional treatments; Molecular targeted 
therapies; Liver resection; Liver transplantation 


Core tip: Hepatocellular carcinoma (HCC) occurs fre¬ 
quently, and its association with cirrhosis makes treat¬ 
ment complex and challenging. The treatment of HCC 
must take into account the presence and stage of 
chronic liver disease with the aim of preserving hepatic 
function that is often already impaired. The different 
treatment options include surgical resection, transplan¬ 
tation, local ablation, chemoembolization, radioemboli¬ 
zation and molecular targeted therapies. Downstaging 
and bridging are different strategies for the manage¬ 
ment of HCC patients who will undergo liver transplan¬ 
tation. The purpose of this review is to provide a com¬ 
prehensive description of the current treatment options 
for patients with HCC. 


Vivarelli M, Montalti R, Risaliti A. Multimodal treatment of 
hepatocellular carcinoma on cirrhosis: An update. World J 
Gastroenterol 2013; 19(42): 7316-7326 Available from: URL: 
http://www.wjgnet.com/1007-9327/full/vl9/i42/7316.htm DOI: 
http://dx.doi.org/10.3748/wjg.vl9.i42.7316 


INTRODUCTION 

Hepatocellular carcinoma (HCC) accounts for nearly 
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90% of the primary liver tumors and is currently the third 
leading cause of cancer death worldwide. Approximately 
500000 new cases of HCC are diagnosed worldwide 
each year, with a peak incidence observed in countries 
in which the hepatitis B virus (HBV) is endemic, such as 
Southeast Asia and sub-Saharan Africa * 1 * ’ 1 . As the number 
of carriers of chronic liver disease increases, HCC has 
become a major public health issue. 

The main risk factor for HCC is the presence of 
chronic liver disease, particularly when the disease has 
already resulted in liver cirrhosis. The constant process 
of destruction and repair within the parenchyma that is 
associated with cirrhosis increases hepatocyte metabo¬ 
lism and amplifies the risk of mutations in a multistep 
progression from hyperplastic nodule to early HCC and 
finally to moderately/poorly differentiated HCC. 

Hepatitis B and C viruses (HBV and HCV) are known 
to have oncogenic potential, and the risk of HCC in HBV 
and HCV carriers is increased independently of the pres¬ 
ence of cirrhosis 1 '"’ 3 '. Malignant transformation of hepato- 
cytes in the infected liver could be caused by chronic in¬ 
flammation and the oxidative DNA damage that leads to 
genetic and epigenetic changes. There is also evidence that 
proteins encoded by HBV and HCV may have a direct 
role in hepatocarcinogenesis; in fact, proteins encoded in 
the genome of each of these viruses have been linked to 
alterations in hepatocyte physiology and hepatocellular 
signal transduction 1 ’ 1 . Other causes of chronic liver dis¬ 
eases, such as alcohol abuse, non-alcoholic steatohepatitis 
(NASH), hemochromatosis, al-antitrypsin deficiency, au¬ 
toimmune disease and Wilson disease are associated with 
a higher risk of developing HCC and require close patient 
monitoring. In Western countries, obesity and metabolic 
syndromes associated with type II diabetes, which are 
strictly related with NASH, are now emerging as new po¬ 
tential predisposing factors for HCC 1 ’ 1 . 

Among patients with cirrhosis, the cumulative 5-year 
risk of developing HCC ranges from 5% to 30%, de¬ 
pending on the presence and stage of underlying liver 
disease, ethnicity, age, sex and duration of the exposure 
to primary hepatotropic viruses 1 ’’ 51 . 

The main peculiarity of HCC is that the treatment of 
the tumor must take into account the presence and stage 
of chronic liver disease, with the aim of preserving he¬ 
patic function that is often already impaired. A key step 
in the choice of therapy is therefore the correct assess¬ 
ment of the functional reserve of the liver, which is often 
more important than the staging of the tumor itself. 

Several options are available for the treatment of 
HCC, and these can often be combined; the choice of 
treatment and the timing of its administration therefore 
must be balanced accurately. 

The aim of the present review is to provide an update 
than can be useful in clinical practice for determining the 
most appropriate treatment for HCC patients. 


HCC SCREENING 

The achievement of a curative treatment for HCC de¬ 


pends on the detection of the tumor at an early stage. 
Once the population at risk is identified, screening of 
HCC is based on ultrasonography and measurement of 
serum alpha-fetoprotein (s-AFP) levels. 

It is recommended that patients with advanced liver 
fibrosis (F3) or established cirrhosis undergo a liver ul¬ 
trasound (US) and serum measurements every 6 mo 1 ’’ 1 . In 
these patients, ultrasound has a sensitivity between 58% 
and 89% and a specificity of 90% [7] . The sensitivity of 
s-AFP measurements is lower and ranges between 25% 
and 65% when values above 20 ng/mL are considered 
positive 1 * 1 . The sensitivity and specificity of s-AFP mea¬ 
surement for the detection of HCC increase proportion¬ 
ally with higher blood s-AFP levels, particularly when the 
level is above 400 ng/mL. 

Once the presence of HCC is confirmed, the s-AFP 
level can be correlated with tumor stage, particularly with 
the size and multifocality of the tumor and the presence 
of microvascular invasion. Overall, a screening strategy 
that combines abdominal ultrasonography and measure¬ 
ment of s-AFP every 6 mo in patients with cirrhosis can 
reduce HCC mortality by approximately 40% [8 ’ 91 . 


HCC DIAGNOSIS 

The cirrhotic liver often displays multiple non-neoplastic 
nodules (regenerative nodules) that result from the 
chronic inflammatory process. These nodules must be 
differentiated from HCC, and the diagnostic strategy 
varies depending on the size of the nodule detected on 
ultrasound. At present, the most widely used diagnostic 
algorithm for the diagnosis of HCC is that proposed by 
the American Association for the Study of Liver Diseases 
(AASLD) 1 ’ 01 (Figure 1, modified by Forner et a/” 1 ). 

The nature of nodules with a diameter of less than 

1 cm cannot be precisely defined during ultrasound, and 
a follow-up control after 3-4 mo is required. Nodules 
detected at US with a diameter greater than 10 mm must 
be further investigated with contrast-enhanced triphasic 
or quadriphasic computed tomography (CT) imaging 
or magnetic resonance (MR) imaging. The diagnosis of 

HCC is based on an arterial hypervascular phase (wash-in) 
followed by disappearance of the contrast in the venous 
phase (wash-out) 1 ’ 21 . 

Recent reports have demonstrated that MR has a 
higher sensitivity compared with CT 1 ’ 31 ; however, if the 
data from the first imaging procedure are not conclu¬ 
sive, confirmation using a different technique is recom¬ 
mended. In cases in which the diagnosis is uncertain, a 
s-AFP level > 400 ng/mL has a high positive predictive 
value 1 ’ 1 . Histological confirmation through percutaneous 
liver biopsy should be restricted to those nodules with 
features on MR or CT that are not typical enough to al¬ 
low a diagnosis 1 ’ 41 . In fact, the histological diagnosis of 
HCC is complex, requires a great degree of expertise and 
relies on the assumption that the core of the nodule has 
been effectively sampled by the small needle that is used 
for the percutaneous biopsy. The sensitivity and specific¬ 
ity reported for nodules less than 20 mm in diameter is 
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Figure 1 Diagnostic algorithm for hepatocellular carcinoma. Modified by Forner et a/ 111 . MDCT: Multidetector computed tomography; MR: Magnetic resonance; 
CT: Computed tomography; MRI: Magnetic resonance imaging. 


60% [15 l A risk of tumor seeding in the path of the punc¬ 
ture has been reported in approximately 2.5% of the 
cases with a median time of development of 17 mo 1 ' 61 . 

HCC staging 

The severity of chronic liver disease is usually classified 
according to the Child-Pugh and model for end-stage 
liver disease (MELD) scores, and the tumor is staged 
with the TNM system; in the setting of liver transplanta¬ 
tion, the indication for liver replacement is based mainly 
on the Milan criteria 1 ' ! . Another staging system that has 
gained acceptance is the Barcelona Clinic Liver Cancer 
(BCLC) score, the advantage of which is that it takes into 
account the characteristics of the tumor as well as the 
liver function and the general conditions of the patient 181 
(Figure 2). The BCLC system was developed after a ret¬ 
rospective analysis of several cohort studies on patients 
with HCC at different stages. This system identifies 
patients with early HCC who may benefit from curative 
therapies (stage 0 and A), those at intermediate (stage B) 
or advanced (stage C) stages who may benefit from pal¬ 
liative treatments and those with a very poor life expec¬ 
tancy (stage D). BCLC is the most commonly used stag¬ 
ing system in Europe, and it has been approved by the 
European Association for the Study of the Liver (EASL) 
and the AASLD. 

Multidisciplinary management of HCC 

Given the complexity of the clinical scenario, the deci¬ 


sion on the most appropriate treatment for a patient with 
HCC should be made by a multidisciplinary team that 
includes a hepatologist, hepatobiliary surgeon, transplant 
surgeon, radiologist and pathologist 1181 . No single treat¬ 
ment strategy can be applied to all patients, and treatment 
should be individualized. 

In the management of HCC, attention must be fo¬ 
cused on the presence and degree of the underlying 
chronic liver disease at first observation, which will influ¬ 
ence the choice of the treatment 1111 . 

Liver resection can be offered to patients with well- 
preserved liver function; however, the amount of paren¬ 
chyma that can be removed in carriers of chronic liver 
disease is inferior to that which is considered as the safety 
limit in a normal liver (a “future remnant liver” that is 
-S 30% of the hepatic volume is generally considered 
acceptable) 1 ' 11 . Despite a normal liver function, the regen¬ 
erative potential of a liver that harbors a chronic disease 
can be surprisingly low. 

In cases of impaired liver function, non-surgical pro¬ 
cedures or liver transplantation (LT) can be offered; in 
this setting, the number, size and location of the nodules 
determine the choice of treatment. 

Surgical resection, transplantation and ablation are the 
treatments that offer the highest rates of complete re¬ 
sponse and are therefore considered as curative 11 " 1 . There 
are no randomized trials comparing the efficacy of these 
three approaches, and all evidence is based on the rate of 
cure reported in different series. 
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Figure 2 The Barcelona Clinic Liver Cancer staging system and treatment allocation. Copyright © 2010, American Association for the Study of Liver Diseases. 
CLT: Cadaveric liver transplantation; HCC: Hepatocellular carcinoma; LDLT: Living donor liver transplantation; PEI: Percutaneous ethanol injection; RF: Radiofrequen¬ 
cy; PST: Performance status. 


Transarterial chemoembolization (TACE) is the least in¬ 
vasive approach; however, it cannot be considered curative. 

Ideally, LT is best treatment for early stage HCC on 
cirrhosis because it removes both the tumor and the 
chronic disease that has produced it. However, the appli¬ 
cation of this powerful tool is limited by die scarcity of 
donors, which results in strict patient selection criteria to 
optimize the results. 

Candidates for LT for whom a long waiting time (> 6 
mo) is predicted may be offered resection, local ablation 
or transarterial chemoembolization as a ‘bridge’ to trans¬ 
plantation to minimize the risk of tumor progression 
while they are on the waiting list 1 "" 1 . The same procedures 
can also be utilized in attempts downstage tumors that 
are beyond the eligibility criteria for LT at the time of di¬ 
agnosis. 

Yu et performed a study on HCC patients who 
exceeded the University of California San Francisco 
(UCSF) criteria for LT; these patients were downstaged 
to fit the UCSF criteria using locoregional therapy and 
finally underwent LT. Patients who were successfully 
downstaged prior to transplantation had tumor-free and 
overall survival rates similar to those observed in patients 
who met the criteria from the beginning. 

A 5-year survival comparable to that of “within 
criteria” HCC patients can be achieved using LT after 
successful downstaging. Successful downstaging should 
include tumor size, number of viable tumors and s-aFP 


concentrations before and after downstaging. Then, a 
minimum observation period of 3 mo is recommended 
before considering LT 12 " 1 . 

If a patient’s hepatic function allows it, liver resection 
can be offered prior to future transplantation by pursu¬ 
ing two different strategies: first, resection can be used as 
the primary therapy with LT offered as a rescue therapy 
should the patient develop tumor recurrence or postop¬ 
erative liver failure (salvage transplantation); second, re¬ 
section can be performed on patients with a high risk of 
tumor progression while awaiting transplantation (bridge 
to transplantation) 1 " 3 ’" 41 . 


SURGICAL RESECTION 

When performed in specialized centers, hepatic resection 
(HR) can be highly effective, with 5-year overall survival 
rates well above 50% in the major series 1 "’ 1 . Resection 
is the recommended treatment for patients without 
advanced fibrosis as long as an R0 resection can be per¬ 
formed with a low risk of postoperative liver failure 1 * 41 . 

The elements that must be taken into account when 
considering resection of the cirrhotic liver are the Cliild- 
Pugh and MELD scores of the underlying liver disease, 
the degree of portal hypertension and the extension of 
the parenchymal excision required to obtain a free resec¬ 
tion margin. 

The aim of HR is to obtain radical resection with 
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limited surgical morbidity; to achieve this goal, patient 
selection is crucial. For the last several decades, the selec¬ 
tion of candidates for resection has been based on Child- 
Pugh classification. However, Child-Pugh classification 
is far from accurate for predicting postoperative liver 
failure; in fact, some Child-Pugh A patients already have 
liver functional impairment with an increased bilirubin 
concentration, clinically significant portal hypertension 
or even minor fluid retention necessitating diuretic treat¬ 
ment 1 " 61 . The further investigation of hepatic functional 
reserve tests, such as the aminopyrine breath test or clear¬ 
ance of indocyanine green (ICG), has been proposed; 
however, their predictive value remains poorly validated. 
In Japan, the ICG retention rate is utilized to identify the 
best candidates for resection 1271 , whereas portal pressure 
and bilirubin are the variables used in Europe and the 
United States 11 " 1 . Recently, a preoperative MELD score ^ 
10 was associated with a higher incidence (40%) of post¬ 
operative liver failure 1 " 1,1 . 

Markers of portal hypertension including a porto- 
caval gradient >10 mmHg, the presence of esophageal 
varices, splenomegaly and a platelet count lower than 1 
x 10 n /L are predictors of postoperative morbidity and 
mortality 1 "" 1 . In patients without relevant portal hyperten¬ 
sion and normal concentrations of bilirubin, the 5-year 
survival is 70%, whereas this value is 50% for individuals 
with portal hypertension and is even lower when both 
these risk factors are present 130,311 . 

By integrating all of these factors, HR can be safely 
performed on patients with Child-Pugh class A chronic 
liver disease, a MELD score ^ 10, a platelet count > 
100.000/mm 3 and a porto-caval gradient <10 mmHg. 
These factors dramatically limit the potential number of 
candidates, and overall, less than 30% of patients are can¬ 
didates for HR 1 " 91 . 

After HR, the 5-year survival for cirrhotic patients 
with HCC ranges from 30% to 50%, whereas the opera¬ 
tive mortality ranges from 3% to 8% [ " 91 . The severity of 
cirrhosis, size of the tumor, number of tumors, presence 
of vascular tumor invasion and presence of satellite nod¬ 
ules are well-established prognostic factors for recurrence 
and survival 1 " 7,3 "’ 331 . Late recurrence is mainly due to the 
carcinogenic effect of underlying chronic liver disease 1 " 41 . 

Absolute contraindications to HR are the presence 
of extrahepatic metastases or neoplastic invasion of the 
main portal trunk. Neoplastic portal vein thrombosis is a 
poor prognostic factor; however, in highly selected cases, 
hemi-hepatectomy can be feasible, particularly when 
thrombosis of a main branch of the portal vein has led 
to hypertrophy of the contralateral hemiliver. 

When compared with open surgery, laparoscopy in 
cirrhotic patients could have the advantage of avoiding 
the interruption of collateral abdominal veins that are 
present as a result of portal hypertension. Several stud¬ 
ies have indeed demonstrated the benefits of the lapa¬ 
roscopic approach in terms reduced bleeding and lower 
postoperative morbidity and mortality 135,36 '. 


LIVER TRANSPLANTATION 

HCC is the only solid cancer that can be treated with 
transplantation. Transplantation is the best curative op¬ 
tion for patients with decompensated (Child-Pugh B or C) 
cirrhosis; however, due to the shortage of donors, it can 
only be offered to a limited number of patients. Candi¬ 
dates for LT are patients with tumors that have favorable 
pathological features and therefore a low likelihood of 
recurrence. 

The most widely adopted criteria for selecting HCC 
carriers for transplantation are the Milan criteria. Accord¬ 
ing to these criteria, LT can be considered only for pa¬ 
tients with a single tumor < 5 cm in diameter or for pa¬ 
tients with up to 3 tumors < 3 cm without macrovascular 
invasion 11 l A recent systematic review of 90 studies that 
followed 17780 patients over a 15-year period identified 
the Milan criteria as an independent prognostic factor of 
outcome after LT 1, l 

Despite recent discussions concerning the restric¬ 
tive nature of the Milan criteria, these criteria have been 
adopted by the vast majority of transplant centers. The 
results of LT in HCC within the Milan criteria are out¬ 
standing, with 5-year survival approaching 80%, which 
is similar to that observed in patients transplanted for 
benign diseases 130,38,39 '. Outside the Milan criteria, survival 
is significantly reduced, which is likely due to an increased 
prevalence of variables associated with risk of recur¬ 
rence, such as microvascular invasion, in tumors at more 
advanced stages 1401 . 

Neoadjuvant therapy through TACE can occasionally 
downstage tumors that were outside the Milan criteria at 
the time of diagnosis; in these cases, the results of LT are 
similar to those achieved when the criteria were met at 
first observation 141 '. 

The time spent on the waiting list is a key factor that 
must be considered when assessing the results of LT in 
HCC patients; it depends on the availability of donors in 
a given area and on the system used to prioritize organ al¬ 
location. It was demonstrated that 15%-20% of patients 
with HCC initially within the Milan criteria experience 
tumor progression until they dropped out from the wait¬ 
ing list; this highlights the need to analyze the results 
of LT using an intention to treat approach 14 " 1 . Although 
treatments aimed at delaying tumor progression, such as 
ablation and transarterial chemoembolization, are widely 
used, their efficacy is unproven 14 ' 1 . live donation is a valid 
strategy for extending the donor pool; however, its appli¬ 
cability is reduced because of societal constraints, scarcity 
of appropriate donors and the possible morbidity and 
mortality of donors' 44 '. 

Currently, organs are allocated worldwide based on 
MELD score; however, HCC patients with low MELD 
scores are given extra points to shorten their waiting time 
and avoid tumor progression. This policy is questioned 
by some authors because it might be disadvantageous for 
patients without HCC 145 '. 
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LOCOREGIONAL TREATMENTS 

Local ablation techniques have been developed for 
patients with surgical contraindications and can be per¬ 
formed either through a percutaneous approach or, 
less commonly, through laparoscopy. These maneuvers 
include percutaneous ethanol injection (PEI), radiofre¬ 
quency ablation (RFA), microwave ablation, cryoablation, 
laser-induced thermotherapy, high-intensity focused ul¬ 
trasound and irreversible electroporation 146 ’ 1 . 

The first percutaneous treatment was PEI, which 
induces coagulative necrosis of the lesion as a result of 
cellular dehydration, protein denaturation and chemical 
occlusion of small tumor vessels due to the effects of 
the injected absolute alcohol. Ablation techniques such as 
RFA, microwave ablation, and laser ablation utilize high 
temperatures; conversely, cryoablation causes direct tu¬ 
mor freezing 141 . 

The evaluation of responses to locoregional treat¬ 
ments and molecular-targeted therapies of HCC is cur¬ 
rently based on modified RECIST (mRECIST) criteria, 
which measure the diameter of the viable tumor compo¬ 
nent of target lesions' 481 . 

Radiofrequency ablation 

RFA is the technique of choice for local destruction of 
liver tumors. RFA induces coagulative necrosis of the 
tumor with safety margins around the lesion and is the 
most commonly used local ablative technique. RFA has 
largely replaced PEI because it produces better results 
in terms of recurrence-free survival and requires fewer 
treatment sessions 14 RFA can be performed percutane- 
ously under imaging guidance (ultrasound, CT or MRI) 
or during surgery guided by intraoperative US. The ad¬ 
vantage of RF in the treatment of HCC in cirrhotic pa¬ 
tients is that it allows selective destruction of the tumor, 
sparing the surrounding parenchyma, and can be easily 
repeated in case of recurrence. Complete ablation of le¬ 
sions smaller than 2 cm is possible in more than 90% of 

[ 50 ] 

cases . 

There are several major limits to the use of RF: (1) 
complete necrosis is rarely observed when the tumor 
diameter is > 3 cm or when the tumor is adjacent to a 
major blood vessel due to the cooling effect of the blood 
flow; (2) it is difficult to reach some areas of the liver 
parenchyma percutaneously (eg., segment 1); (3) subcap- 
sular lesions can undergo rupture in the peritoneum; (4) 
bladder injury can occur when lesions in segments IVb-5 
are treated; and (5) targeting the lesion can be difficult 
under ultrasound guidance in livers with multinodular cir¬ 
rhosis. 

Taking these limitations into account, the benefit of 
RF in the treatment of HCC has been well demonstrated, 
with overall 5-year survival rates between 33% and 55% 
in selected series 1 ’ 11 . The effectiveness of RFA has led to 
the proposal of this technique as an alternative to HR. 

In the only randomized prospective trial with bal¬ 
anced groups of patients comparing HR to RFA for 
HCC < 3 cm in patients with cirrhosis, no difference was 


observed in terms of overall and disease-free survival, 
whereas RF was associated with lower perioperative 
morbidity (4.2% vs 55.5%, P < 0.05) and mortality (0% vs 
1.1%) [521 . However, in a retrospective comparative study 
of Child-Pugh class A patients, surgery was significantly 
more effective for patients with single tumors > 3 cm in 
diameter, with an overall 3-year survival of 66% after sur¬ 
gery (vs 37% after RFA, P = 0.004) and a 3-year disease- 
free survival of 44% (vs 19%, P = 0.001) [53] . This obser¬ 
vation was confirmed by subsequent studies performed 
by different groups 154 " 561 . A recent systematic review and 
meta-analysis of 12 controlled trials showed a not notable 
difference in the short-term effectiveness of RFA and 
HR in the treatment of early-stage hepatocellular carci¬ 
noma meeting Milan criteria, but the long-term efficacy 
of HR was better than that of RFA 15 '. However, HR was 
associated with more complications and a longer hospital 
stay. 

Rather than competing techniques, RFA and HR are 
effective therapeutic options that can be chosen based on 
the severity of chronic liver disease as well as the size and 
location of the tumor. 

Transarterial chemoembolization 

Transarterial chemoembolization (TACE) is the most 
commonly used initial treatment for unresectable HCC 158 ' 
and is also the first-line therapy for downstaging tumors 
that exceed the criteria for transplantation or to avoid tu¬ 
mor progression in patients awaiting LT. TACE may also 
be considered as a neoadjuvant treatment that can be uti¬ 
lized before HR or RF ablation to reduce tumor volume 
and possibly target satellite micrometastases 151 '. 

The rationale behind TACE use is the well-charac¬ 
terized angiogenic activity of HCC that results in hyper- 
vascular arterial feeding. This technique depends on the 
intra-arterial infusion of a cytotoxic chemotherapeutic 
agent emulsioned with Lipiodol followed by emboliza¬ 
tion of the feeding vessels through a trans-arterial cath¬ 
eter 1601 . TACE is a well-established treatment for HCC in 
cirrhotic patients, and its efficacy for improving survival 
compared with the other supporting treatments has been 
demonstrated 1611 . 

The maximum and sustained retention of the che¬ 
motherapeutic agent is used as a measure of the success 
of TACE; thus, embolic microspheres are employed that 
have the ability to sequester chemotherapeutic agents. 
The concentration of these microspheres is increased 
within the tumor, and their contents are subsequently re¬ 
leased in a controlled manner over a 1 -wk period, which 
reduces the systemic toxicity to a minimum 16 "'. 

Doxorubicin-eluting beads (DEB) are another trans¬ 
arterial liver-directed therapy. The use of an eluting bead 
can be considered an improvement over conventional 
TACE. DEB are preformed, deformable microspheres 
that are loaded with doxorubicin (up to 150 mg per treat¬ 
ment) . The pharmacokinetic profile of DEB significantly 
differs from that of conventional TACE; in particular, the 
peak drug concentration in the serum is lower for DEB- 
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TACE compared with conventional TACE. An objective 
response rate of 70% to 80% according to the EASL cri¬ 
teria has been achieved 16 ' 1 . One- and 3-year survival rates 
of 89.9% and 66.3%, respectively, have been reported in 
a heterogeneous cohort of patients with BCLC (stages A 
to C) treated with DEB-TACE 1641 . 

Absolute contraindications for TACE are decompen¬ 
sated cirrhosis (Child-Pugh B 3= 8, including jaundice, 
clinical encephalopathy and refractory ascites), extensive 
tumor with massive replacement of both lobes in their 
entirety, severely reduced portal vein flow (portal vein 
occlusion or hepatofugal blood flow), and a creatinine 
clearance < 30 mL/min [65 l 

Microwave ablation 

Microwave ablation (MWA) is a potentially curative abla¬ 
tion procedure that has been proven to be safe in both 
percutaneous and intraoperative settings 166 ’ 1 . MWA can be 
utilized in patients with advanced liver disease and HCC, 
provides a more predictable ablation compared with RFA 
and requires fewer treatment sessions 121,67,681 . 

Microwave ablation creates an electromagnetic field 
in the tissues surrounding the ablation antenna with an 
extension of several centimeter, without flow of electri¬ 
cal current. Tissue within the MWA field heats rapidly 
to temperatures over 100 °C without the detrimental 
effects of tissue impedance, allowing a more rapid and 
consistent ablation 1 ' 1 ' 1 . Microwave ablation carries the risk 
of more severe injury to adjacent structures due to dif¬ 
ferences in energy delivery when compared with RFA; 
therefore, the operative approach is preferred over the 
percutaneous approach because it allows liver mobiliza¬ 
tion and protection of adjacent organs 166,69,701 . 

Radioembolization 

Radioembolization is a newer hepatic transarterial te¬ 
chnique that employs radioactive substances such as 
Iodine-131-labeled Lipiodol 1 11 or microspheres contain¬ 
ing Yttrium-90 1721 . This technique has been shown to be 
feasible and safe for the treatment of HCC in cirrhotic pa¬ 
tients 1 73,41 . Microspheres are delivered to the tumor area for 
selective production of high energy and low penetration 
radiation. Radioembolization can be safely performed in 
patients with portal vein thrombosis due to the minimally 
embolic effect of 90Y microspheres 1751 . The reported rate 
of complete tumor necrosis is 90% for patients with HCC 
< 3 cm [76] , whereas the rate of complete necrosis after 
TACE varies widely in the literature, from 15% to 70% [77] . 

Radiation therapy 

Radiation therapy is generally not considered an option 
in HCC consensus documents or national guidelines, 
primarily because of the lack of level 1 evidence 1781 . How¬ 
ever, experience with conformal radiation therapy (RT), 
intensity modulated RT, stereotactic body RT and particle 
therapy is rapidly increasing. RT should be considered 
as a treatment option in patients unsuitable for other 
established local therapies 1 ' 81 . RT has also been used as 


a bridge to liver transplant and can be safely combined 
with locoregional therapies such as TACE 178,791 . 


SYSTEMIC TREATMENTS 

Systemic treatment of HCC in cirrhotic patients is not 
effective due to the poor chemosensitivity of the tumor, 
and the impairment of hepatic function significantly in¬ 
creases the toxicity of chemotherapy. 

Because the demonstrated benefits of systemic che¬ 
motherapy and hormonal treatments are lacking 180,811 , mo¬ 
lecular targeted therapies have recently been developed. 
Sorafenib, an inhibitor of multi-kinase, has antiprolifera¬ 
tive and antiangiogenic activity, delays tumor progression 
and is currently the only agent with proven efficacy for 
the treatment of patients with advanced HCC [11,82 " 841 . This 
multitargeted tyrosine kinase inhibitor is a small molecule 
that inhibits vascular endothelial growth factor recep¬ 
tor, platelet-derived growth factor receptor, B-Raf, Fms- 
related tyrosine kinase and c-kit [85,861 . 

The use of sorafenib is currently recommended for 
patients with preserved liver function and advanced HCC 
who are not suitable for HR or LT and have failed to re¬ 
spond to locoregional treatments 18 1 It is recommended 
that the treatment be continued until progression of the 
tumor is demonstrated. The main side effects associated 
with the use of sorafenib are diarrhea and hand-foot 
skin reaction; other possible side effects include anorexia, 
nausea, vomiting, weight loss, hoarseness of voice, asthe¬ 
nia and hypertension 1 ’" 881 . These effects can occasionally 
require dose reduction or treatment discontinuation. The 
potential benefit of sorafenib as adjuvant treatment after 
LT has not been demonstrated. 

On the basis of a large randomized phase III study, 
the Sorafenib HCC Assessment Randomized Protocol 18 ’ 1 , 
Sorafenib has been approved by the United States Food 
and Drug Administration for the treatment of patients 
with advanced HCC. 

Studies are ongoing that aim to identify the best re¬ 
sponders to Sorafenib; c-Jun N-terminal kinase (JNK) 
activity was positively correlated with the CD133 expres¬ 
sion level and inversely correlated with the therapeutic 
response to Sorafenib. Accordingly, JNK activity may be 
considered as a new predictive biomarker for response to 
Sorafenib treatment 18 ’ 1 . 

To date, there is no second-line treatment for patients 
who are intolerant to Sorafenib or experience tumor pro¬ 
gression while undergoing treatment. 


COMBINED TREATMENTS 

A combination of the different therapeutic approaches 
mentioned thus far is often required to address the dif¬ 
ferent clinical peculiarities of HCC patients. For example, 
chemoembolization or RFA can be performed before 
radical surgery with curative intent (HR or LT) to allow 
effective tumor downstaging or reduce tumor growth. 
Different authors have proposed HR as a first-line ther- 
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apy in patients who are candidates for LT 19 " * 1 * ; however, 
the possible effect of previous surgery on the technical 
complexity of the liver transplantation procedure is a 
matter of debate 190,9 ' 1 . One argument in favor of hepatic 
resection prior to LT is that histological analysis of the 
tumor can provide useful information regarding its onco¬ 
logical behavior: features such as the presence of a tumor 
capsule, the degree of differentiation or the presence of 
micro-vascular invasion can be precisely assessed in the 
surgical specimen and are well-known prognostic factors. 
However, there is no consensus among different authors 
regarding the influence that histological parameters 
should have on the therapeutic strategy; some authors 
suggest that LT should be contraindicated for patients 
with tumors that display poor prognostic histological 
criteria, whereas others recommend transplant priority in 
the presence of the same risk factors 1 ” 3 * * * * * ' 9 ” 1 . 


CONCLUSION 

The treatment of HCC in cirrhotic patients has changed 
significantly over the past several decades and has be¬ 
come a major clinical issue. Patients with HCC on cirrho¬ 
sis can benefit from several effective treatments that will 
improve their survival; however, the choice of the most 
appropriate options depends on several factors, namely: 

(1) severity of the underlying chronic liver disease; (2) 

stage of the tumor assessed via imaging; (3) histological 

features of the tumor (when available); (4) availability of 

an active transplant program; (5) availability of a hepato¬ 
biliary surgical unit; and (6) availability of an experienced 
interventional radiology service. 

Some of these variables may account for the differ¬ 

ent attitudes that are often observed. To ensure that the 
most effective treatment can be offered for a given case, a 
multidisciplinary approach is warranted, and profession¬ 

als skilled in the administration of the different treatment 
types should be available. The increase in the incidence 

of HCC justifies the development of services related to 

the management of this tumor. 
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Abstract 

Abnormal liver biochemical tests are present in up to 
30% of patients with inflammatory bowel disease (IBD), 
and therefore become a diagnostic challenge. Liver 
and biliary tract diseases are common extra intestinal 
manifestations for both Crohn's disease and ulcerative 
colitis (UC), and typically do not correlate with intesti¬ 
nal activity. Primary sclerosing cholangitis (PSC) is the 
most common hepatobiliary manifestation of IBD, and 
is more prevalent in UC. Approximately 5% of patients 
with UC develop PSC, with the prevalence reaching up 
to 90%. Cholangiocarcinoma and colon cancer risks 
are increased in these patients. Less common disorders 
include autoimmune hepatitis/PSC overlap syndrome, 
IgG4-associated cholangiopathy, primary biliary cir¬ 
rhosis, hepatic amyloidosis, granulomatous hepatitis, 
cholelithiasis, portal vein thrombosis, liver abscess, and 
non-alcoholic fatty liver disease. Hepatitis B reactivation 
during immunosuppressive therapy is a major concern, 
with screening and vaccination being recommended in 


serologically negative cases for patients with IBD. Re¬ 
activation prophylaxis with entecavir or tenofovir for 6 
to 12 mo after the end of immunosuppressive therapy 
is mandatory in patients showing as hepatitis B surface 
antigen (HBsAg) positive, independently from viral load. 
HBsAg negative and anti-HBc positive patients, with or 
without anti-HBs, should be closely monitored, measur¬ 
ing alanine aminotransferase and hepatitis B virus DNA 
within 12 mo after the end of therapy, and should be 
treated if the viral load increases. On the other hand, 
immunosuppressive therapy does not seem to promote 
reactivation of hepatitis C, and hepatitis C antiviral 
treatment does not influence IBD natural history either. 
Most of the drugs used for IBD treatment may induce 
hepatotoxicity, although the incidence of serious ad¬ 
verse events is low. Abnormalities in liver biochemical 
tests associated with aminosalicylates are uncommon 
and are usually not clinically relevant. Methotrexate- 
related hepatotoxicity has been described in 14% of 
patients with IBD, in a dose-dependent manner. Liver 
biopsy is not routinely recommended. Biologics-related 
hepatotoxicity is rare, but has been shown most fre¬ 
quently in patients treated with infliximab. Thiopurines 
have been associated with veno-occlusive disease, 
regenerative nodular hyperplasia, and liver peliosis. 
Routine liver biochemical tests are recommended, es¬ 
pecially during the first month of treatment. All these 
conditions should be considered in IBD patients with 
clinical or biochemical features suggestive of hepatobili¬ 
ary involvement. Diagnosis and management of these 
disorders usually involve hepatologists and gastroenter¬ 
ologists due to its complexity. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved. 

Key words: Inflammatory bowel disease; Hepatobiliary 
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testinal manifestations of inflammatory bowel disease 
(IBD) that become a diagnostic challenge for the gas¬ 
troenterologist. In this review, we have summarized 
the main diseases involving the hepatobiliary system in 
IBD and secondary liver toxicity to IBD treatment. This 
review also highlights the impact of immunosuppressive 
and anti-tumor necrosis factor treatment in hepatitis B 
and C, as well as its prophylaxis and treatment, accord¬ 
ing to current clinical practice guidelines. 


Rojas-Feria M, Castro M, Suarez E, Ampuero J, Romero-Gomez 
M. Hepatobiliary manifestations in inflammatory bowel disease: 
The gut, the drugs and the liver. World J Gastroenterol 2013; 
19(42): 7327-7340 Available from: URL: http://www.wjgnet. 
com/1007-9327/full/vl9/i42/7327.htm DOI: http://dx.doi. 
org/10.3748/wjg.vl9.i42.7327 


INTRODUCTION 

Hepatobiliary diseases are relatively common in inflam¬ 
matory bowel disease (IBD) and therefore become a diag¬ 
nostic challenge. Liver and biliary tract disorders are typi¬ 
cal extraintestinal manifestations in both Crohn’s disease 
(CD) and ulcerative colitis (UC). In patients receiving 
immunosuppressive therapy, including biologies, the risk 
of hepatitis B reactivation is high, so patients undergoing 
this therapy should be screened for hepatitis B surface 
antigen (HBsAg) and anti-HBc prior to starting the treat¬ 
ment. Most of the drugs used for IBD treatment have 
also been associated with hepatotoxicity. All these condi¬ 
tions should be ruled out in IBD patients with clinical or 
biochemical features suggestive of liver involvement, as 
summarized in this review. 

Bibliographic searches were performed in the MED¬ 
LINE electronic database up to February 2013 using the 
Medical Subject Headings terms: (“inflammatory bowel 
disease” OR “Crohn’s disease” OR “ulcerative colitis”) 
AND (“liver” OR “biliary tract” OR “primary sclerosing 
cholangitis” OR “hepatobiliary disorders” OR “small- 
duct PSC” OR “PSC/AIH overlap syndrome” OR 
“IgG4-associated cholangitis” OR “primary biliary cir¬ 
rhosis” OR “hepatic amyloidosis” OR “granulomatous 
hepatitis” OR “cholelithiasis” OR “portal vein thrombo¬ 
sis” OR “liver abscess” OR “non-alcoholic fatty liver dis¬ 
ease” OR “viral hepatitis” OR “hepatitis B” OR “hepatitis 
C” OR “drug-induced liver injury” OR “drug-induced 
hepatitis” OR “hepatotoxicity”). 


HEPATOBILIARY DISORDERS 
ASSOCIATED WITH INFLAMMATORY 
BOWEL DISEASE 

Hepatobiliary manifestations constitute some of the 
most common extraintestinal manifestations of IBD. 
They typically adopt an independent course irrespective 
of intestinal activity and are present in both UC and CD. 


Primary sclerosing cholangitis 

Primary sclerosing cholangitis (PSC) is a chronic fibroes- 
clerotic disorder of the intrahepatic and extrahepatic 
biliary tree, and is the most common hepatobiliary mani¬ 
festation of IBD. The association of PSC and IBD was 
described for first time in 1965 [1] . 

Epidemiology: Approximately 70%-80% of patients 
with PSC have concomitant IBD and about 1.4%-7.5% 
of patients with IBD will develop PSC 1 ” 1 ; however the 
course of IBD is not related to PSC. It is more prevalent 
in males, in UC, and in young and middle-aged patients 1 ’ 1 . 
UC has been reported in 25 to 90 percent of patients 
with PSC [4 l In a Spanish multicenter study, based on a 
survey, UC was present in 44% [51 . Nevertheless, the real 
prevalence of UC in PSC is up to 90% when rectal and 
sigmoid biopsies are routinely obtained 161 . 

PSC is typically characterized by progressive inflam¬ 
mation, obliterative fibrosis, and destruction of intra- and 
extrahepatic bile ducts, leading to end-stage liver disease 
and portal hypertension 1 Patients with PSC may also de¬ 
velop complications such as cholestasis-associated mani¬ 
festations, biliary stricture, cholangitis, cholelithiasis, chol- 
angiocarcinoma, and colon cancer. The diagnosis of PSC 
is usually previous to IBD, but PSC may be diagnosed 
over time, after a proctocolectomy in UC patients 181 . 

Etiology: The etiology of PSC remains unclear. Ge¬ 
netic, immunological, and environmental factors seem 
to contribute to its pathogenesis. First-degree relatives 
of patients with PSC show an increased risk of PSC 
and UC, supporting a genetic predisposition to these 
conditions 141 . Multiple genetic factors associated with 
susceptibility have been described, like HLA-B8, HLA- 
DRB1*0301 (DR3), HLADRB3*0101 (DRw52a), and 
HLA-DRB1 *0401 (DR4) [10 ' 11] . In addition, three UC sus¬ 
ceptibility loci have been associated with PSC, harboring 
the presumed candidate genes REL, IL2, and CARD9 11-1 . 
An autoimmune mechanism has been suggested, since 
both are immune-mediated disorders, and are also as¬ 
sociated with other autoimmune diseases. Several auto¬ 
antibodies may be present, such as antinuclear antibodies 
(ANA) in 24%-53%, smooth muscle antibodies (SMA) 
in 13%-20%, and anti-perinuclear cytoplasmic antibodies 
(pANCA) in 65%-88% of patients 11 ’" 1 ’ 1 . Other autoan¬ 
tibodies, including anticardiolipin, thyroperoxidase, and 
rheumatoid factor may be present, but show uncertain 
clinical significance. In one study, 97% of cases with PSC 
were positive for, at least, one autoantibody, while 81% 
were positive for three or more 1161 . An inflammatory re¬ 
sponse to chronic or recurrent bacterial infection into the 
portal circulation or ischemic damage to the bile ducts 
has also been postulated 11 l Therefore, the most plausible 
theory involves the exposure of genetically predisposed 
individuals to an environmental agent that provokes an 
anomalous immune response, leading to disease develop¬ 
ment. 

IBD in PSC patients has a distinct behavior, as it 
shows a higher incidence of rectal sparing, backwash 
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ileitis, extensive colitis, pouchitis after ileal pouch anal 
anastomosis, colon dysplasia, colon cancer, and poorer 
prognosis 1 * 8 '” 11 . Patients with UC and PSC usually have a 
lower grade of colon inflammation and a milder course, 
compared to patients without PSC 1 ”” 1 . In addition, severe 
progressive PSC requiring liver transplantation appears to 
reduce histological activity and the need for colectomy in 
UC IA24] . 

Diagnosis: Most patients with PSC are asymptomatic at 
diagnosis. This disease should be considered in patients 
with IBD and abnormal liver biochemical tests, where a 
marked elevation of serum alkaline phosphatase is com¬ 
monly found 1 ”’ 1 . In symptomatic patients, fatigue and 
pruritus are common. Other features include abdominal 
pain, jaundice, and weight loss. Cholangitis occurs in 
10%-15% of patients during the course of the disease. 
Biochemical tests usually show a cholestatic pattern. 
Aminotransferases levels are typically lower than 300 IU/ 
L. Additional biochemical parameters are hypergamma¬ 
globulinemia (30% of cases), increased serum IgM levels 
(40%-50%), and p-ANCA (30%-80%). Serum albumin 
levels later decrease during the course of the disease, and 
the presence of hypoalbuminemia earlier may indicate ac¬ 
tive IBD. 

Diagnosis is established by the demonstration of dif¬ 
fuse, multifocal strictures and dilations in the intra- and 
extrahepatic bile ducts. In 41% of cases, the gallbladder 
and cystic duct may also be involved 1 ” 61 . In the early stages 
of the disease, superficial ulcerations of the bile ducts 
may be the only manifestation found. Endoscopic retro¬ 
grade cholangiopancreatography (ERCP) is considered 
the gold standard technique for PSC diagnosis. It can be 
both diagnostic and therapeutic, and also may be useful 
in the early diagnosis of cholangiocarcinoma. Magnetic 
resonance cholangiography (MRCP) is a non-invasive al¬ 
ternative with high sensitivity and specificity, and without 
the risks related to the technique 1 ” l Liver biopsy is only 
recommended in cases of clinical suspicion of small-duct 
PSC, as it is rarely diagnostic of PSC 1 ” 81 . The most spe¬ 
cific histologic finding in PSC is fibrous obliteration of 
small bile ducts, with periductal concentric fibrosis in an 
“onion skin” pattern. Other abnormalities are non-specif¬ 
ic and similar to those in primary biliary cirrhosis. Liver 
biopsy is helpful for staging the disease and determining 
prognosis. Ludwig described 4 stages of PSC based on 
morphologic features 1 ”* 1 . 

Prognosis: PSC is a progressive disease that, ultimately, 
results in portal hypertension, cirrhosis, and hepatic fail¬ 
ure. The median survival time without liver transplanta¬ 
tion is approximately 12 years. Survival is significantly 
worse in symptomatic patients at the time of diagnosis 1 ’" 1 . 
Coexisting IBD may also be related to a poorer prog¬ 
nosis, as it has been associated with a younger age at 
diagnosis, the development of malignant complications, 
dysplasia and/or colon cancer 131 ' 3 ” 1 . Patients with PSC 
usually develop complications of end-stage liver disease 


with portal hypertension, such as varices, ascites, and 
hepatic encephalopathy. The Mayo Risk Score based on 
age, serum bilirubin, albumin, aspartate aminotransfer¬ 
ase, and the presence of variceal bleeding, has been used 
to assess disease progression and prognosis 1331 . Other 
complications include steatorrhea and fat-soluble vitamin 
deficiency, secondary to chronic cholestasis, amyloidosis 
secondary to amyloid A protein deposition in tissues due 
to a progressive inflammatory process 1 ’ 41 , dominant bili¬ 
ary strictures, cholangiocarcinoma, and colon cancer. The 
risk for cholangiocarcinoma is significantly increased in 
PSC and its development remains unpredictable. The an¬ 
nual incidence has been estimated as 1.5% [351 . Risk factors 
include the presence of IBD, cirrhosis, variceal bleeding, 
a dominant stricture in the bile duct, and alcohol intake 13 " 1 . 
Worsening jaundice, weight loss, and abdominal discom¬ 
fort are suspicion symptoms. Diagnosis may be difficult, 
as imaging techniques and brush cytology show a lack of 
sensitivity for early detection. However, ERCP and cytol¬ 
ogy of bile duct strictures is highly specific 131 . Prognosis 
is devastating, with a survival rate of 10% two years after 
diagnosis 1381 and a recurrence rate in the transplanted 
liver of about 20%-25% [391 . Patients with PSC have an 
increased risk for gallbladder cancer, pancreatic cancer 
and, in cirrhotic patients, hepatocellular carcinoma. A 
higher risk of colorectal dysplasia/cancer has also been 
described among UC patients with PSC 1 ” 11 , even after 
liver transplantation 14 " 1 . The severity and the duration of 
PSC have not been significantly associated with the risk 
of colon cancer 1411 . In patients with ileal pouch-anal anas¬ 
tomosis, the risk for dysplasia persists after colectomy 14 ” 1 . 
Therefore, surveillance for colorectal cancer should be 
strongly recommended in PSC patients with UC 1431 . 

Treatment: Treatment of PSC associated with UC does 
not differ from PSC without IBD. As no pharmacologic 
therapy has proven effective for PSC, treatment goals 
are the control of symptoms and the management of 
complications. Ursodeoxycholic acid (UDCA) has been 
shown as effective in liver function improvement based 
on biochemical tests but it had no effect on liver histol¬ 
ogy, liver transplant-free survival, requirements for liver 
transplantation, development of cholangiocarcinoma, or 
incidence of death 144 ' 1 ’ 1 . In a meta-analysis, UDCA does 
not appear to decrease either the risk of adenomas or 
colon cancer 14 " 1 . Immunosuppressants, chelators, and ste¬ 
roids have been used without any benefit. 

Liver transplantation is the only therapy that can 
change the inevitable outcome. The appropriate moment 
for liver transplantation can be difficult to determine, as 
patients with advanced disease may not show signs of 
liver failure. Survival rates after hepatic transplant at 5 
and 10 years are 85% and 70%, respectively 1471 . However, 
in 20%-25% of cases, PSC recurs in the transplanted 
liver 1391 . 

Endoscopic management of PSC is indicated in 
cases of cholangitis, exacerbate jaundice, or suspicion of 
cholangiocarcinoma. Endoscopic dilation of dominant 
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strictures, with or without stenting, has been shown to al¬ 
leviate cholestasis and to improve laboratory test results, 
although it does not prevent disease progression 1461 . 

Small-duct PSC 

Small-duct PSC is characterized by laboratory and histo¬ 
logical findings similar to PSC but with normal cholan- 
giogram. The presence of coexisting IBD is required for 
the diagnosis of this entity 14 ’ 1 . In a large multicenter study, 
80% of patients with small-duct PSC had concurrent 
IBD (78% UC and 21% CD) [50] . Progression of small- 
duct PSC to PSC was observed in 12%-23% of cases. 
Small-duct PSC has been associated with a better long¬ 
term prognosis as compared with large-duct PSC. Chol- 
angiocarcinoma has not been previously described. Some 
patients may require liver transplantation for end-stage 
liver disease, and the disease may recur after liver trans¬ 
plantation. In IBD patients with cholestatic liver function 
tests altered and a normal cholangiogram by ERCP/ 
MRCP, a biopsy is recommended to rule out small-duct 
PSC, after excluding other hepatobiliary disorders. 

AIH/PSC overlap syndrome: AIH/PSC overlap syn¬ 
drome has been described in patients with IBD, espe¬ 
cially UC 1311 . The diagnosis is suspected when features of 
AIH and PSC are present in the same patient, requiring 
a definitive diagnosis of AIH based on the International 
Autoimmune Hepatitis Group Criteria, which includes 
demographic, histologic, and laboratory markers 1521 . 
Diagnosis, treatment, and prognosis of the overlap syn¬ 
drome are controversial and so standardized diagnostic 
criteria are needed 13 '' 541 . Previous studies have reported 
cases that initially presented with laboratory markers and 
histologic features of either AIH or both diseases with 
a normal cholangiography, only to develop pathologic 
characteristics of PSC during the follow-up 152,55,561 . In- 
trahepatic and extrahepatic bile ducts may be affected. 
Conventional corticosteroid therapy, alone or in conjunc¬ 
tion with UDCA (13-15 mg/kg daily), has been variably 
effective, and cyclosporine, mycophenolate mofetil, and 
budesonide have been beneficial in selected patients. The 
cholestatic features that influence the prognosis of auto¬ 
immune hepatitis must be defined and incorporated into 
the definition of the syndrome 1571 . 

lgG4-associated cholangiopathy 

IgG4-associated cholangiopathy (LAC) is a biliary disease 
of unknown immunopathogenesis. Indistinguishable 
from PSC according to cholangiographic characteris¬ 
tics, it shows distinct histological findings. It is one of 
a variety of IgG4-related systemic disease and has been 
described in patients with concurrent UC 1581 . Clinical di¬ 
agnostic criteria for IgG4-related disease require systemic 
organ involvement, elevated serum IgG4 levels (-> 135 
mg/dL), and histopathological findings 13 ’ 1 . IgG4 levels 
have also been reported in 9%-36% of patients with 
PSC, although these levels are usually lower than in pa¬ 
tients with IAC 160,6 ' 1 . The identification of IgG4 plasma 


cell infiltrating the bile duct and other organs is decisive 
in reaching the diagnosis 136,3 ’ 1 . Clinically, patients with IAC 
are older at diagnosis compared to patients with PSC. 
Obstructive jaundice can be the first symptom, whereas 
it is rarely present in PSC 16 ” 1 . Steroids are the first-choice 
therapy of IAC, as they result in the resolution of jaun¬ 
dice, improve liver laboratory parameters, and reduce 
serum IgG4 levels and the reversal of strictures on chol¬ 
angiogram 1651 . Azathioprine (AZA) should be considered 
alongside those with proximal and intrahepatic stenosis, 
and those that relapse during and/or after corticosteroid 
therapy 1641 . 

Primary biliary cirrhosis 

Primary biliary cirrhosis (PBC) frequently accompanies 
various autoimmune diseases including Sjogren syn¬ 
drome, chronic thyroiditis, and rheumatoid arthritis, but 
rarely IBD 11 ' 31 . There are a few reported cases of both dis¬ 
eases in the literature 166,671 . The clinical presentation varies 
from typical PBC; affecting males more frequently, being 
diagnosed at younger age and at earlier stages of PBC, 
and usually associated with previously diagnosed mild 
left-side UC. Although the pathogenesis of this disease 
has not yet been clarified, environmental and genetic fac¬ 
tors are considered important in the susceptibility to both 
diseases. 

Hepatic amyloidosis 

Secondary amyloidosis is an unusual complication of 
IBD, more frequent in CD than in UC (0.9% vs 0.07%) 168 l 
Chronic activity in the bowel contributes to amyloid de¬ 
position in the vasculatures and sinusoids of almost any 
organ, including the liver. It may present as asymptomatic 
hepatomegaly and is more common in men with colonic 
diseases. Treatment is based on controlling gut inflam¬ 
mation, thereby decreasing the release of the acute phase 
reactant serum amyloid A [69 '. In some cases, colchicine 
can be effective. 

Granulomatous hepatitis 

Granulomatous hepatitis is another rare complication of 
CD, which is characterized by granulomas on the liver bi¬ 
opsy. The main manifestation is an increase in cholestatic 
enzymes such as alkaline phosphatase. Granulomatous 
hepatitis is often secondary to different medications, 
including sulfasalazine 1 'l Other causes are malignancies, 
infections, or CD metastasis 1 11 . Corticosteroids and im¬ 
munosuppressive drugs have been used in its treatment. 

Cholelithiasis 

It has been estimated that patients with CD have a doubled 
risk for gallstones comparing to IBD-free controls, while 
UC is not associated with an increased risk 1 "l The inci¬ 
dence of gallstones is raised in patients with Crohn’s ileitis 
or ileal resection, ranging from 13% to 34% 1751 . Risk 
factors associated with its development are CD loca¬ 
tion at diagnosis, surgery, and extent of ileal resection. 
Other factors include the age of the patient, frequency 
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of clinical recurrences, length of hospital stay, and the 
use of total parenteral nutrition. The pathophysiology of 
cholelithiasis in CD is not well defined. Abnormal mal¬ 
absorption of bile acids that interfere with enterohepatic 
circulation has been proposed. Moreover, reduced gall¬ 
bladder motility has been described in CD and increased 
gallstone cholesterol concentrations have been identified 
in patients with ileoanal anastomosis 1 41 . 

Portal vein thrombosis 

IBD is associated with an increased risk of vascular 
complications, such as arterial and venous thromboem- 
bolisms, which are considered extraintestinal manifesta¬ 
tions. Portal vein thrombosis is a rare but potentially 
life-threatening complication, with an incidence in IBD 
patients higher than that of the general population. In 
a Mayo Clinic study, portal/mesenteric vein thrombosis 
was reported in 1.3% of IBD cases, with a mortality 
of 50% [751 . Recent abdominal surgery, younger age, and 
female gender are associated with a higher incidence of 
portal vein thrombosis 1 '’l The factors involved in this 
pathogenesis are diverse. Acquired prothrombotic fac¬ 
tors can be identified, such as inflammation, immobiliza¬ 
tion, extent of colon disease, surgery, central catheters, 
corticosteroids, and smoking 1 "' 81 . Furthermore, patients 
with IBD have increased platelet counts, factor V and VH 
levels, and fibrinogen, along with decreased antithrombin 
HI levels. Anticoagulants, such as low-molecular-weight 
heparin and warfarin, are mainstays of therapy, even in 
the setting of gastrointestinal bleeding 1 ' 31 . In the presence 
of a congenital hypercoagulable state, lifelong systemic 
anticoagulation should be considered, although in other 
prothrombotic conditions, a six-month course provides 
adequate coverage 17 / 

Liver abscess 

The association between liver abscesses and IBD is 
uncommon 181 ’ 811 , but hepatic abscesses can be an initial 
manifestation of CD 18 ” 1 . The mechanism of abscess de¬ 
velopment may be related to direct extension of intra¬ 
abdominal abscesses or due to portal pyemia, secondary 
to an increase in intestinal mucosa permeability. Among 
associated risk factors, intra-abdominal abscesses, fistuliz- 
ing disease, malnutrition, and treatment with steroids and 
metronidazole have been reported. 

Non-alcoholic fatty liver disease 

Non-alcoholic fatty liver disease (NAFLD) is a clinic- 
pathological syndrome with a histologic spectrum rang¬ 
ing from benign steatosis to non-alcoholic steatohepatitis 
(NASH) 1831 . Steatosis is described in up to 50% of abnor¬ 
mal liver biopsies in IBD patients and has been related 
to colitis severity. It was presumed secondary to severe 
illness, with malnutrition, hypoproteinemia, and corti¬ 
costeroids primarily responsible 1841 . On the other hand, 
NAFLD occurs in 8.2% of the IBD population, which 
is much lower than the frequency reported in the United 
States general population (33.6%). Those patients who 


developed NAFLD tended to be older, and developing 
IBD at an older age normally requires small bowel sur¬ 
gery 1851 . It has been reported that IBD patients develop 
NAFLD with fewer metabolic risk factors than non-IBD 
NAFLD patients. In multivariate analysis, hypertension 
(OR = 3.5), obesity (OR = 2.1), small bowel surgeries (OR 
= 3.7), and use of steroids at the time of imaging (OR = 
3.7) were independent factors associated with NAFLD. 
NAFLD is also less common among patients who re¬ 
ceived antibodies against tumor necrosis factor alpha 
(anti-TNF-a) therapy. 


VIRAL HEPATITIS AND IBD 

Chronic hepatitis B and C are two common diseases. The 
WHO estimates that 350 million people in the world suf¬ 
fer from chronic hepatitis B, and more than 200 million 
from hepatitis C [86,871 . Hepatitis B infection is transmitted 
during delivery or early childhood. Hepatitis C is a blood- 
borne disease spread mainly via blood product transfu¬ 
sion and misuse of illegal drugs. Around 20% of patients 
with chronic hepatitis B show cirrhosis progression and 
5% are at risk of developing hepatocellular carcinoma. 

Chronic hepatitis B infection is a dynamic process, 
owing to the interaction between the hepatitis B virus and 
the host immune system. Its natural history is covered 
by five different phases 1881 (Table 1): (1) Immunotoler- 
ant phase: characterized by positive hepatitis B e antigen 
(HBeAg), higher HBVDNA titre, and normal or near 
normal ALT levels. Liver biopsy at this phase shows mild 
or no inflammatory lesions and scarce non-progressive 
fibrosis; (2) Immunoclearance phase: positive HBeAg, 
lower HBVDNA, and raised aminotransferase levels. Liv¬ 
er histology shows necroinflammatory activity together 
with fibrosis progression. Spontaneous HBeAg clearance 
and anti-HBe seroconversion could occur at this phase; 
(3) HBsAg inactive carrier: characterized by negative 
HBeAg, positive anti-HBe, residual viremia (HBVDNA 
lower than 2000 IU/mL), and ALT levels under the nor¬ 
mal limit. Uver histology shows minimal or no lesions; (4) 
Chronic hepatitis B: HBeAg negative could appear after 
unsuccessful seroconversion. HBVDNA remains quanti¬ 
fiable and ALT levels are fluctuant. Fibrosis progression 
is common; and (5) Resolved infection: characterized by 
loss of HBsAg and could be a stable phase, with negative 
HBsAg and non-detectable HBVDNA with normal ALT 
levels and excellent prognosis. 

Chronic hepatitis C is a progressive liver disease that 
could evolve to cirrhosis. Risk factors associated with 
fibrosis progression are alcohol consumption, HIV co- 
infection, and adult age at infection. 

Chronic hepatitis B patients showing HBVDNA > 
2000 IU/mL and at least moderate necroinflammatory 
activity or fibrosis in a liver biopsy should be treated with 
entecavir or tenofovir and, in selected cases, with pegin- 
terferon a-2a. In patients with chronic hepatitis C and 
positive HCVRNA, antiviral treatment should be started. 
In genotype 1, protease inhibitor-based triple therapy is 
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Table 1 Phases of chronic hepatitis B infection 

Phase 

Characteristics 

HBVDNA 

ALT 

Liver histology 

Immune tolerant 

HBeAg positive 

> 2000000 UI/mL 

Normal 

Normal or mild inflammation 

Immune active 

HBeAg positive 

> 200000 UI/mL 

Elevated 

Chronic hepatitis 





Active cirrhosis 

Inactive carrier 

HBeAg negative 

< 2000 UI/mL 

Normal 

Normal or mild inflammation 


Anti-HBe positive 



Mild fibrosis 





Inactive cirrhosis 

HBeAg negative chronic hepatitis 

HBeAg negative 

> 20000 UI/mL 

Elevated 

Chronic hepatitis 


Anti-HBe positive 


(fluctuating) 

Active cirrhosis 

Remission 

HBsAg negative 

Indetectable in serum and detectable in liver 

Normal 

Normal 


Anti-HBc positive 



Mild fibrosis 





Inactive cirrhosis 


HBV: Hepatitis B virus; ALT: Alanine aminotransferase; HBeAg: Hepatitis B e antigen. 


the first choice and, in non-1 genotype, standard pegin- 
terferon plus ribavirin. 

Viral reactivation during immunosuppressive therapy 
is a major concern in viral hepatitis B and C. Viral reac¬ 
tivation is defined by an increase of 1 log in viral load or 
re-appearance of the virus after previous clearance. A 
flare of ALT is common and in some cases may develop 
into acute liver failure. 

Hepatitis B reactivation depends on two main fac¬ 
tors: (1) type of immunosuppressive drug used, and (2) 
hepatitis B phase prior to treatment. In a recent meta¬ 
analysis including 14 studies and 485 HBsAg-positive 
patients undergoing chemotherapy, one in three patients 
developed hepatitis and the mortality rate reached 7%. 
Positive HBeAg and detectable HBVDNA, together with 
steroids or rituximab in hematologic neoplasms, were in¬ 
dependent factors associated with the risk of developing 
reactivation'"’'. In patients with HBsAg loss, reactivation 
risk was around 3%-10% and mainly associated with the 
combination of steroids and rituximab in hematologic 
neoplasms 19 " 1 . 

Hepatitis B reactivation prophylaxis is recommended 
from one week before chemotherapy to 12 mo after ces¬ 
sation of this therapy. Lamivudine has shown to decrease 
mortality rate 1 " 9 '. However, it has been associated with an 
increased risk of developing resistant variants, so drugs 
with a higher genetic barrier, like entecavir or tenofovir' 91 ', 
are recommended if immunosuppressors need to be used 
for more than one year. 

Hepatitis C reactivation management is controversial, 
due to both its frequency and clinical manifestations re¬ 
maining unclear. Hepatitis has been reported in 11% of 
cases and reactivation in 36% of the few patients with 
HCVRNA evaluated before and after chemotherapy, 
mainly in those treated with rituximab for hematologic 
neoplasms' 9-1 . Interferon-based therapy is not recom¬ 
mended for hepatitis C reactivation prophylaxis. Further 
combination of direct antiviral drugs could be useful in 
avoiding hepatitis C reactivation in this setting. 

As immunosuppressive drugs, like AZA, methotrex¬ 
ate (MTX), and anti-tumor necrosis factor a (TNFa), are 
being used more frequently in IBD, concerns about viral 
reactivation are increasing. 


Hepatitis B and IBD 

At the beginning of this century, hepatitis B infection 
prevalence was slightly higher in patients with IBD than 
in the general population, which was mainly related to 
increased surgical procedures and blood transfusions' 9 ’’ 94 '. 
However, recent studies in France and Spain did not 
confirm these data. Prevalence of hepatitis B in IBD has 
been estimated to be similar to the general population 
as a consequence of several health system measures, like 
overall vaccination, safe transfusions, and surgical proce¬ 
dures. Prevalence of anti-HBc was 7.1% in CD and 8% 
in UC in a Spanish population' 9 ”’ 16 '. 

Hepatitis B reactivation is a major health problem. 
Patients undergoing immunosuppressive therapy are at 
risk of developing hepatitis B reactivation. Acute liver 
failure requiring orthotopic liver transplantation has been 
reported in a patient under AZA and steroid treatment' 9 '. 
TNFa plays a role in hepatitis B virus replication, so 
anti-TNFa drugs could promote hepatitis B reactiva¬ 
tion'Infliximab, together with AZA or steroids, have 
been implicated in hepatitis B reactivation in seven cases 
from several series' 94 ’ 991 " - '. No cases have been reported 
in patients receiving adalimumab or certolizumab pegol. 
Nevertheless, hepatitis B reactivation seems to be a class- 
effect, so more cases should be expected with the con¬ 
tinuing use of these new drugs. In patients with HBsAg 
loss reactivation is infrequent, but one case treated with 
infliximab has been reported' 1 " 3 '. A collaborative multi¬ 
center and retrospective Spanish study (REPENTINA) 
showed a reactivation rate of 36% (9/25) in patients with 
positive HBsAg; six out of nine developed liver failure, 
three underwent liver transplantation, and one died. No 
HBsAg-negative patients developed hepatitis B virus 
reactivation. In this study, the key factor for reactivation 
was the combination of two or more immunosuppressive 
drugs, independently of agent type. The absence of reac¬ 
tivation was associated with the use of only one drug for 
a short period of time' 1 " 4 '. 

Clinical practice guidelines from AEEH, EASL, and 
ECCO revised this topic and recommended prophylaxis 
of hepatitis B reactivation in patients with IBD receiving 
immunosuppressive agents' 1 " 4 ’ 1 " 6 '. HBsAg, anti-HBc, and 
anti-HBs should be tested before immunosuppressive 
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therapy with two goals: avoid possible fatal complications 
and use antiviral drugs to control hepatitis B virus rep¬ 
lication: (1) HBV serologically-negative patients should 
receive vaccination. Vaccination rates in IBD are variable. 
In Spain, only 56% of young people showed anti-HBs 
antibodies 1 ’ 31 . Vaccine response was around 46% using 
double doses in patients with IBD receiving anti-TNF 
drugs. However, AZA seems not to influence vaccine 
response. In non-responders a new complete vaccination 
course should be recommended. Hepatitis B screening 
is highly recommended immediately after the diagnosis 
of IBD, and vaccination is indicated in serologically- 
negative patients' 1 "' 1 ; (2) Patients showing HBsAg positive 
and HBVDNA > 2000 IU/mL should be treated with 
tenofovir or entecavir as chronic hepatitis B patients; (3) 
Patients showing HBsAg positive and HBVDNA < 2000 
IU/mL or undetectable levels, and patients with HBsAg 
negative and HBVDNA positive should be treated with 
tenofovir or entecavir for 6 to 12 mo after the end of 
immunosuppressive therapy. ALT levels and HBVDNA 
titre should be monitored every three months during 
treatment; and (4) Patients showing HBsAg negative and 
anti-HBc positive with or without anti-HBs should be 
closely monitored every 1 to 3 mo, measuring ALT and 
HBVDNA until 6 to 12 mo after the end of therapy. For 
patients with an increase in viral load, entecavir or teno¬ 
fovir therapy should be immediately started. 

Hepatitis C and IBD 

The prevalence of hepatitis C infection was increased in 
IBD patients younger than 50-year-old in comparison 
with the general population in studies of the last decade 
of the twentieth century 1 ’ 4 '. However, recent studies have 
demonstrated a similar prevalence to the general popula¬ 
tion both in Spain (2.3% in CD and 1.3% in UC) and 
France (0.79% in CD and 1.59% in UC)' 96 ' 971 . 

The impact of immunosuppressive therapy for IBD 
on hepatitis C remains controversial. Steroids could pro¬ 
mote viral replication, as demonstrated after liver trans¬ 
plantation. However, steroids have been used to treat 
hepatitis C without success or adverse events. ALT flares 
have been reported after stopping steroid therapy in pa¬ 
tients with IBD |I1IS '. Steroid therapy should be avoided in 
patients with hepatitis C, and patients should be closely 
monitored after any withdrawal or tapering process. Im¬ 
munosuppressive drugs like AZA, MTX, cyclosporine, 
and mycophenolate mofetil have been largely used in 
the liver transplantation setting, showing a slight antivi¬ 
ral activity against hepatitis c [109_11I] . MTX did not affect 
hepatitis C disease in patients with arthritis' 1 '“l Therefore, 
immunosuppressive therapy with these drugs seems to be 
safe. Indeed, in a Spanish study, 16% (8/51) of patients 
with chronic hepatitis C and IBD receiving immunosup¬ 
pressive therapy developed non-severe liver dysfunction, 
seven related to steroids, and one case with AZA' 104 '. 

TNFa plays a major role in the pathogenesis of 
chronic hepatitis C and associated metabolic abnor¬ 
malities. TNFa is crucial in hepatitis C-induced insulin 
resistance, but could also modulate interferon response. 


Increased TNFa levels have been associated with im¬ 
paired sustained virological response (SVR)' 113 '. Thus, 
TNFa inhibition could be more beneficial than harmful 
in the management of chronic hepatitis C. Etanercept 
improved SVR in patients with chronic hepatitis C re¬ 
ceiving peginterferon plus ribavirin' 114 '. Patients suffering 
from rheumatoid arthritis and hepatitis C treated with 
etanercept or infliximab did not show any changes in 
transaminases level or viral load' 115 '. Although etanercept 
is not effective on IBD, a class-effect should be expected, 
and the use of anti-TNFa could be safe in hepatitis C as¬ 
sociated with IBD. 

CD is characterized by a Thl response. Interferon 
seems to play an immunomodulatory activity-enhancing 
Thl response, and can cause outbreak of CD 111 "'. On 
the other hand, some authors have suggested that inter¬ 
feron could be safely used in patients with IBD, due to 
a lack of negative impact on the gut' 117,118 '. In a prospec¬ 
tive study including 11 patients with IBD and hepatitis 
C, peginterferon plus ribavirin achieved SVR in a similar 
way to non-IBD patients. During treatment six patients 
developed gastrointestinal symptoms that required opti¬ 
mization of immunosuppressive agents without impact¬ 
ing antiviral treatment' 11 ' 1 . Several case reports showed a 
beneficial effect of interferon-alpha and beta on patients 
with UC 1120,121 '. A systematic review, including three pro¬ 
spective studies, demonstrated no effect of interferon- 
alpha on UC' 1 "” 1 , although new cases or exacerbation of 
UC have been seen in patients treated with interferon- 
alpha' 1 - 3 ’ 124 '. Higher doses of interferon used in hepatitis 
C, in comparison with lower doses in UC trials, could 
partially explain this discrepancy. Finally, 10 patients with 
CD and 10 with UC in remission or showing mild bowel 
activity underwent antiviral therapy for hepatitis C. No 
patient developed reactivation of IBD during treatment 
or the 12 mo of follow-up' 1-5 ', confirming data from a 
recent review concluding that interferon does not impair 
IBD course 1126 '. 

In summary, hepatitis C antiviral treatment has no in¬ 
fluence on IBD natural history, and immunosuppressive 
therapy for IBD does not promote reactivation of hepa¬ 
titis C. Currently, no therapeutic option for reactivation 
prophylaxis nor vaccination are available for hepatitis C, 
but in the near future interferon-free regimen combining 
protease, polymerase, and NS5A inhibitors could be use¬ 
ful in the management of hepatitis C in IBD. 


DRUG-INDUCED LIVER INJURY IN IBD 

Approximately 30% of patients with IBD show abnor¬ 
malities in liver biochemical tests during the course of the 
disease. Most of the drugs used in IBD have potential 
hepatotoxicity' 1-7 ' (Table 2). 

Aminosalicylates: Sulfasalazine and mesalazine 

Sulfasalazine, an association between sulfapyridine and 
5-aminosalicylate (5-ASA), was the first aminosalicylate 
used in the treatment of IBD. This drug has been re¬ 
placed in the last two decades by mesalazine or 5-ASA, 
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Table 2 Drug induced hepatobiliary manifestations in 
inflammatory bowel disease 

Manifestation 

Drug 

Drug induced hepatitis 

Azathioprine 

6-mercaptopurine 

Methotrexate 

Cyclosporine 

Infliximab 

Reactivation of hepatitis B 

Anti-TNF therapy 

Corticosteroids 

Drug induced pancreatitis 

Azathioprine 

6-mercaptopurine 

Methotrexate 

Hepatosplenic T-cell lymphoma 

Combination of anti-TNF and 
immunosuppressive therapy 


TNF: Tumor necrosis factor. 


due to its adverse effects. Mesalazine is indicated for the 
induction and maintenance of the clinical remission in 
patients with UC with mild-moderate activity. The effi¬ 
cacy of this drug in CD remains controversial. 

The anti-inflammatory effect of aminosalicylates is 
unclear. Synthesis inhibition of prostaglandins and leu- 
kotrienes (which show antioxidant and immunomodula¬ 
tory activity) are well known. Aminosalicylates are safe 
drugs, and rarely lead to severe adverse effects such 
as bone marrow aplasia, pancreatitis, nephropathy, or 
hepatotoxicity. Altered liver function tests (cytolysis or 
cholestasis) may be detected during treatment with them. 
These abnormalities usually have no clinical relevance, 
although hepatotoxicity induced by acute hypersensitiv¬ 
ity and acute liver failure has been described. In clinical 
trials, abnormalities in liver biochemical tests have been 
observed in 2% of UC patients treated with mesala¬ 
zine 11 ” 81 . The United Kingdom’s Committee on Safety of 
Medicines observed that, between 1991 and 1998, the 
incidence of toxic hepatitis was 3.2 and 6 cases per mil¬ 
lion of prescriptions for mesalazine and sulfasalazine, 
respectively, and the presence of rheumatoid arthritis was 
a stronger risk factor than IBD 11 ”’ 1 . Therefore, given the 
low risk of hepatotoxicity, a close monitoring of liver 
biochemical tests is not necessary in patients treated with 
aminosalicylates. 

Methotrexate 

Methotrexate (MTX) has both anti-proliferative and im¬ 
munosuppressive activities, impairing DNA synthesis (via 
inhibition of dihydrofolate reductase) as well as decreas¬ 
ing the production of proinflammatory cytokines and 
inducing lymphocyte apoptosis, respectively. The main 
indication in IBD is maintenance of clinical remission 
in steroid-dependent CD patients, after adverse effects 
or lack of efficacy of thiopurines. MTX efficacy in UC 
is controversial. On the other hand, MTX is contraindi¬ 
cated in pregnancy. Regarding adverse effects, myelosup- 
pression and hepatotoxicity are dose-dependent. These 
effects were documented in up to 25% of patients with 
rheumatoid psoriatic arthritis, highlighting the association 


with obesity, alcoholism, diabetes, previous abnormalities 
in biochemical liver tests and, especially, an accumulated 
dose higher than 15 g, as risk factors. Currently, liver 
fibrosis and cirrhosis are less frequent, probably due to 
close monitoring of liver parameters, proper selection 
of patients, and simultaneous treatment with folic acid, 
which decreases MTX-related adverse effects. Sabeni et 
a r\ in Italy, detected hepatotoxicity in 14.3% of pa¬ 
tients with IBD treated with MTX during a mean follow¬ 
up of 26 mo. Te et al™\ in the United States, carried 
out a study in 20 IBD-patients treated with MTX with 
a mean follow-up of 131 mo and accumulated doses 
of 2.6 g. Liver fibrosis in biopsies was detected in one 
patient; the rest of the patients showed mild histological 
changes only. No association between abnormalities in 
liver biochemical tests and liver histology was found 11 ’ 11 . 
Regular liver laboratory studies are recommended in 
patients treated with MTX 11 ’” 1 . Nowadays, liver biopsy is 
not recommended routinely during MTX treatment 113 ’ 1 . 
However, it should be performed in cases of persistent 
alteration of transaminases (especially if they do not de¬ 
crease after reducing the drug dose) and in patients with 
high accumulated doses, together with other risk factors. 
On the other hand, transient elastography (Fibroscan 8 ) is 
emerging as diagnostic method of liver fibrosis in these 
patients. Treatment needs to be discontinued in cases of 
liver fibrosis or cirrhosis 1 ' 341 . 

Anti-TNFa: Infliximab and adalimumab 

Infliximab and adalimumab are monoclonal antibodies 
against TNFa, indicated in several rheumatologic, derma¬ 
tologic, and gastrointestinal diseases. The main indication 
is the induction and maintenance of clinical remission in 
steroid-resistant or steroid-dependent CD and UC pa¬ 
tients without response to immunosuppressive therapy. 
Early on, they are recommended in CD associated with 
risk factors or in the presence of severe perianal disease. 
Biological agents inhibit TNFa, preventing the release of 
proinflammatory cytokines, leukocyte migration, expres¬ 
sion of endothelial molecules, fibroblast proliferation, 
and prostaglandin synthesis. 

The main adverse effects of these drugs are op¬ 
portunistic infections, hepatitis B virus reactivation, 
lymphoproliferative diseases, neurological diseases, and 
autoimmune diseases, such as lupus-like syndromes. 
Severe hepatotoxicity is a very rare condition in biologi¬ 
cal therapy, being most frequent in patients treated with 
infliximab. It is difficult to determine cause-effect asso¬ 
ciations between liver damage and these drugs in some 
cases due to confounding factors, like the presence of 
other drugs and other concomitant diseases. The drug 
label of infliximab (Remicade®) showed that, in clinical 
trials, ALT raised more than three times in 4.9% of pa¬ 
tients with CD and in 2.5% of patients with UC, without 
clinical relevance. In contrast, serum ALT levels were less 
altered in the placebo group. On the other hand, the drug 
label of adalimumab (Humira®) indicates that serum ALT 
levels were similar in patients with IBD and a placebo. 
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According to infliximab indications, jaundice has been an 
uncommon finding, as well as infectious hepatitis, with 
liver failure being a very rare condition 11331 . The Food and 
Drug Administration considers infliximab a hepatotoxic 
drug 1 ' 361 . Recently, hepatotoxicity by these drugs has been 
evaluated in the United States (2003-2011), where only 
34 cases were found, confirming the peculiarity of this 
adverse effect. Most cases (76%) were related to inflix¬ 
imab, showing a hepatocellular or cholestatic pattern with 
autoimmune characteristics, and improving after discon¬ 
tinuation of the drug 1 ' 3 4 5 6 7 8 * * ' 1 . Cross hepatotoxicity has not 
been documented in anti-TNF agents. In fact, in cases of 
infliximab-induced hepatotoxicity, adalimumab has been 
shown to be safe 11331 . 

Thiopurines (azathioprine and 6-mercaptopurine) 

AZA and its metabolite, 6-mercaptopurine (MP), are the 
immunosuppressive agents most commonly used in IBD. 
They are purine analogues, which interfere in nucleic acid 
synthesis and inhibit the proliferation of B and T lym¬ 
phocytes, although the most relevant action is the apop- 
totic activation of T lymphocytes. The main indication of 
these drugs in CD and UC is the maintenance of clinical 
remission, preventing the use of steroids. 

The active metabolites of AZA and MP are the 
6-thioguanine nucleotides. In the liver, AZA is modi¬ 
fied to MP, which is metabolized by xanthine oxidase 
and thiopurine methyltransferase (TPMT) in 6-thiouric 
acid and 6-methylmercaptopurine, resulting ultimately in 
6-thioguanine nucleotides by hypoxanthine phosphoribo- 
syltransferase. The decreased activity of TPMT facilitates 
the increasing in 6-thioguanine nucleotide levels, which 
are related to adverse effects. In fact, the efficacy of AZA 
and MP is limited owing to their adverse effects, which 
are responsible for treatment discontinuations in up to 
15% of patients. Adverse effects are classified as dose- 
independent, dose-dependent, or idiosyncratic (which 
appears during the first two weeks of treatment). Regard¬ 
ing dose-independent adverse effects, the most common 
are allergic reactions (fever, exanthema, myalgias, and ar¬ 
thralgias) and acute pancreatitis. Among dose-dependent 
adverse effects, gastrointestinal intolerance and myelotox¬ 
icity are present in 2%-5% of patients. In retrospective 
studies, hepatotoxicity affected 3% of patients with an 
annual incidence of 1.4%, while these results are higher 
in prospective studies (10%) [1391 . AZA and MP are able 
to damage the vascular endothelium, especially sinusoids 
and terminal veins, promoting veno-occlusive disease, 
regenerative nodular hyperplasia, and liver peliosis. These 
complications could be detected between 3 mo and 3 
years after the beginning of treatment, and generate 
portal hypertension 11 " ' 1411 . In general, mechanisms for 
AZA and MP hepatotoxicity remain unclear. It is thought 
that the main reason is the intracellular accumulation of 
6-thioguanine nucleotides due to tire decreased activity of 
TPMT. 

It is recommended to determine levels of TPMT 
before the beginning of treatment with AZA or MP and 
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routinely perform liver biochemical tests, especially dur¬ 
ing the first months of treatment, to detect myelotoxicity 
and/or hepatotoxicity. Mild abnormalities in liver pa¬ 
rameters, without clinical relevance, allow the continua¬ 
tion of treatment at a lower dose. However, jaundice or 
persistent alterations in spite of reduced dose require an 
immediate stop to treatment 114 " 1 2 . 


CONCLUSION 

Hepatobiliary disorders are common extraintestinal mani¬ 
festations of IBD, and PSC represents the most prevalent 
disease among them. Abnormal liver biochemical tests 
are present in up to 30 percent of patients with IBD and 
emerge as a diagnostic challenge. Drug-induced hepa¬ 
totoxicity should always be rule out, as most IBD treat¬ 
ments have been associated with liver toxicity, although 
the incidence of serious complications is low. Hepatitis 
B screening and vaccination is recommended in patients 
with IBD. Reactivation prophylaxis with entecavir or 
tenofovir is mandatory in patients under immunosup¬ 
pressive therapy showing HBsAg positive, independently 
from viral load. HBsAg negative and anti-HBc positive 
patients, with or without anti-HBs, should be closely 
monitored, and treated if the viral load increase. Diag¬ 
nosis complexity often requires a joint gastroenterologist 
and hepatologist approach. 
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Abstract 

This review considers the physiological and molecular 
biochemical mechanisms of bile formation. The compo¬ 
sition of bile and structure of a bile canaliculus, biosyn¬ 
thesis and conjugation of bile acids, bile phospholipids, 
formation of bile micellar structures, and enterohepatic 
circulation of bile acids are described. In general, the 
review focuses on the molecular physiology of the 
transporting systems of the hepatocyte sinusoidal and 
apical membranes. Knowledge of physiological and 
biochemical basis of bile formation has implications 
for understanding the mechanisms of development of 
pathological processes, associated with diseases of the 
liver and biliary tract. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved. 

Key words: Bile acids; Bile phospholipids; Bile micelle 
structures; Bile salt transporters 


Core tip: Over the past 50 years, significant progress 
has been made in understanding the mechanisms of 
bile formation and secretion. This became possible due 
to the advances of fundamental investigations in cell 


biology, molecular biology, genetics and biochemistry. 
Knowledge of physiological and biochemical basis of 
bile formation has implications for understanding the 
mechanisms of development of pathological processes, 
associated with diseases of the liver and biliary tract. 
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INTRODUCTION 

Bile is a lipid-rich hepatic secretion that is necessary 
for elimination of cholesterol and xenobiotics from 
the body and for dispersion and efficient absorption of 
digested dietary lipid in the upper small intestine 1 ' 1 . Bili¬ 
ary function is a vital function of the liver, which results 
from the sequential vectorial transport of endogenous 
and exogenous substrates through three compartments: 
the vascular space, cellular space and biliary space. Cana¬ 
licular bile is produced by polarized hepatocytes that 
hold transporters in their basolateral (sinusoidal) and 
apical (canalicular) plasma membrane 1 " 1 . The biliary func¬ 
tion is responsible for the homeostasis of lipid metabo¬ 
lism, in particular cholesterol metabolism, elimination 
of toxic endo- and xenobiotics such as bilirubin, lipid 
bacteria products (endotoxin), and several inflammatory 
mediators 1 ’ 1 . Bile coming into the canaliculi is modified 
by cholangiocytes through secretion and absorption. The 
main determinant of bile formation is an osmotic filtra¬ 
tion process resulting from active transport of bile acids 
and other osmotic solutes 1 ' 1 . Pavlov et at A] established 
the basic mechanisms of bile secretion, its entry into 
the duodenum, and the role of bile in digestion. Bile is 
essential for the intestinal digestion and absorption of 
nutriments. Almost half a century had passed before the 
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experimentally founded ideas on the mechanisms of bile 
formation appeared. Later, they were clarified and in the 
late 1970s took shape as a number of hypotheses of the 
mechanisms of bile formation. Recent insights into the 
cellular and molecular mechanisms that control the func¬ 
tion and regulation of hepatobiliary transport have led to 
a greater understanding of the physiological significance 
of bile secretion. Individual carriers for bile acids and 
other organic anions in the liver and intestine have now 
been obtained from several species. In addition, com¬ 
plex networks of signals that regulate key enzymes and 
membrane transporters located in cells that participate in 
the metabolism or transport of biliary constituents are 
being unraveled 151 . Most of the membrane transporters 
ensuring bile formation have now been identified. The 
expression of these membrane transporters is regulated 
through transcriptional and post-transductional mecha¬ 
nisms. Transcriptional regulation is under the control of 
nuclear receptors activated by ligands such as bile acids, 
which act as endogenous steroids synthesized from cho¬ 
lesterol in hepatocytes 131 . 

Bile is an iso-osmotic electrolytic fluid that is formed 
in the liver and is a product of its secretory function. Bile 
is primarily secreted by hepatocytes (i.e., canalicular bile) 
and subsequendy delivered to the intrahepatic bile ducts, 
where it is modified by cholangiocytes (i.e., ductal bile). 
Bile secretion by liver parenchymal cells is the result of 
vectorial transcellular transport of solutes and involves 
the coordinated action of transport proteins at the baso- 
lateral (sinusoidal) and apical (canalicular) membranes of 
the hepatocyte. A complex network of signals controls 
uptake and efflux transporters on a long- and short-term 
timescale, including regulation at the level of gene tran¬ 
scription, protein translation and maturation, covalent 
modification, and dynamic localization of transporter 
proteins, as well as substrate availability 161 . 


COMPOSITION OF BILE AND STRUCTURE 
OF A BILE CANALICULUS 

Bile contains almost all body components: proteins, 
lipids, carbohydrates, vitamins, mineral salts, and trace 
elements. The greater part of the bile proteins consists 
of globulins, and the lesser part comprises albumins. 
Phospholipids, cholesterol and its esters, neutral fats, 
and fatty acids rank high among bile lipids. Lecithins 
(phosphatidylcholines, PCs) are the major representatives 
of bile phospholipids. They are synthesized in the liver 
from the same components as plasma PCs; however, they 
differ from the latter in the higher content of palmitic 
acid 171 . The human bile concentration of free fatty acids 
and a-monoglycerides is small. Human cystic bile shows 
small quantities of diglycerides and is virtually free of tri¬ 
glycerides. 

The electrolyte content of bile is similar to that of 
plasma. The major cations are sodium, potassium, and 
calcium; the anions are chloride and bicarbonate. The bile 
content of sodium is about 10 times higher than that of 



Taurocholic acid 


Anion 


Cations 
Taurocholic acid 
Cations - anions 


Anions + taurocholic acid 

= 0.98 ± 0.09 


Figure 1 The bile content of anions, cations and taurocholic acid. 


potassium. Excretion of sodium, potassium, and calcium 
into the bile is closely related to the rate of metabolic 
processes in the liver and depends on its functional state 
and on the content of salts in the body. The bile con¬ 
centration of anions is 5-15 times smaller than that of 
cations. 

A deficit of anions is compensated for by taurocho- 
late (Figure 1). Bile contains a considerable quantity of 
phosphorus, magnesium, iodine, iron, and copper. The 
relative proportions of the major bile components are 
distributed in the following order: bile acids (67%), phos¬ 
pholipids (22%), proteins (4.5%), cholesterol (4%), and 
bilirubin (0.3%). Among the bile acids, the primary bile 
acids, cholic and chenodeoxycholic acids in a ratio of 
1:1, account for about 50%. These are followed by the 
secondary bile acids, deoxycholic and lithocholic acids, as 
well as ursodeoxycholic and sulfolithocholic acids in the 
decreasing order. 

The use of color cathode-luminescence scanning 
electron microscopy (CCL SEM) has made it possible to 
study the qualitative composition of dehydrated human 
bile and its components in the native state. CCL SEM 
provides video information about the structural pattern 
of bile and its chemical composition. Loginov et aP 1 were 
the first to show the earlier unknown phenomenon of 
cathode autoluminescence of non-conjugated bilirubin, 
unesterified cholesterol, high-molecular-weight protein, 
and other organic compounds. The pictures (Figure 2) 
show that the amorphous powder mass of bilirubin is 
red-emitting (Figure 2A), crystal cholesterol luminesces 
blue (Figure 2B), and the green coloration tingled with 
red is predominant in the sample of protein (Figure 2C). 
Graphically, all three samples have chromaticity histo¬ 
grams in the form close to the Gaussian curve. 

Examination of the dehydrated samples of normal 
bile by CCL SEM has ascertained the tree-type structure 
of precipitates (Figure 2D). The qualitative assessment of 
the samples suggests their balanced content of three ma- 
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Figure 2 Color cathode-luminescence scanning electron microscopy images. Color cathode-luminescence scanning electron microscopy (CCL SEM) micro im¬ 
ages of unconjugated bilirubin (A), unesterified cholesterol (B), high-molecular-weight protein (C), and dehydrated sample of normal human cystic bile (D). 


jor bile components: bilirubin, cholesterol, and protein. 
Hepatocytes are the major epithelial cells in the liver, and 
are polarized. The polarized surfaces of hepatocytes con¬ 
sist of a basolateral domain facing the circulation and an 
apical domain that forms the bile canaliculus; the smallest 
branch of the biliary tree 191 . A major function of the liver 
is biliary secretion, which requires hepatocyte polariza¬ 
tion. The mechanisms controlling hepatocyte polarization 
are only partially understood 1 "’ 1 . Structurally, they include 
cytoskeletal, tight junction and intracellular trafficking 
components. Recently, it was discovered that the major 
mammalian bile acid, taurocholate, accelerated polarity in 
primary rat hepatocytes. Taurocholate increases cellular 
cAMP and signals through an exchange protein activated 
by cAMP (EPAC)-Rapl-MEK-liver kinase B1 (LKB1)- 
AMP-activated protein kinase (AMPK) pathway for its 
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polarity effect. Fu et aP 1 have discussed possible mecha¬ 
nisms for how taurocholate affects different cell polarity 
factors, particularly AMPK, and thereby regulates events 
that generate polarity. 

Bile production starts in the intercellular bile canalic- 
uli. The bile canalicular lumen is formed by the external 
hemileaflet of the apical part of the plasma membrane 
of the adjacent hepatocytes and the tight junctions lo¬ 
cated at the point of contact of the hepatocytes. The 
hepatocyte tight junctions separate the bile canalicular 
lumen from the hepatic blood system 1 " 1 . Tight junctions 
contain proteins, including occludin, claudin and zona oc- 
cludens (ZO)-l protein. The integrity of tight junctions 
depends on the presence of protein ZO-1 on the inner 
surface of the plasma membrane. The impaired integrity 
of the tight junctions is accompanied by regurgitation of 
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Figure 3 Bile acid synthesis. CYP7B1: 7a-hydroxylase; CYP7A1: Enzyme 
cholesterol-7a-hydroxylase; CYP8B1: Sterol 12 a-hydroxylase; CYP27A1: 
Mitochondrial sterol 27 hydroxylase. 


canalicular bile into the sinusoids. Three individual do¬ 
mains, such as sinusoidal, lateral, and canalicular parts of 
the membrane, are arbitrarily identified in the hepatocyte 
plasma membrane. The differences in the lipid and pro¬ 
tein composition of the three domains of the hepatocyte 
plasma membrane determine its functional polarity. The 
sinusoidal membrane is enriched with receptors, en¬ 
zymes, and transport proteins. The lateral membrane of 
the hepatocyte is involved in intercellular interaction, but 
it contains no transport systems. Transport systems for 
bile acids, organic anions and cations, as well as the en¬ 
zymes y-glutamyltransferase, Mg" + -ATPase, and alkaline 
phosphatase are located on the canalicular membrane. 
Cf/HCO.f exchangers and selective Cl" channels are also 
identified 11 " 1 . Whether there are transport systems for glu¬ 
tathione and its conjugates in the apical membrane is still 
debated 1 * ' 1 . The release of glutathione S-conjugates from 
cells is an ATP-dependent process mediated by integral 
membrane glycoproteins 1141 . 

The hepatocyte cytoplasm around the bile canaliculus 
contains cytoskeletal structures: microtubules, microfila¬ 
ments, and intermediate filaments 1141 . The microtubules 
take part in the mediated vesicular transport, secretion of 
lipids. The microfilaments determine canalicular contrac¬ 
tility and motor activity. The intermediate filaments form 
a network between the plasma membranes, nucleus, intra¬ 
cellular organelles, and other cytoskeletal structures. The 
canaliculus is the least branch of a biliary tree and has a 
diameter of approximately 1 pm. 


BIOSYNTHESIS OF BILE ACIDS 

In 1848 Strecker discovered bile acids 116 ' 171 . In chemi¬ 
cal structure, they belong to a group of steroids and are 
cholanic acid derivatives. Bile acids are the end metabolic 
product of cholesterol and one of the most important 
routes of its elimination from the body 118 "’ 1 . Bile acid syn¬ 
thesis occurs through two pathways: the classic (neutral) 
pathway or the alternative (acidic) pathway 121 ’ 221 . The liver 
is the only organ that has all 14 enzymes required for de 
novo synthesis of two primary bile acids in humans, cholic 
acid (CA; 3a, 7a, 12a-trihydroxy-cholanic acid) and che- 
nodeoxycholic acid (CDCA; 3a, 7a-dihydroxy-cholanic 
acid) 1231 . 

The biosynthetic pathway includes a number of suc¬ 
cessive enzymatic conversions associated with the oxida¬ 
tion of cholesterol in the smooth endoplasmic reticulum 
and the shortening of its side chain in mitochondria. 
The production of bile acids involves restoration of a 
double bond in cholesterol, C-3 inversion to give rise to 
a 3a-OH-group, further a-hydroxylation of either only 
a 7-carbon atom or 7- and 12-carbon atoms, as well as 
P-oxidation of the side chain of cholesterol. Cytochrome 
P450 is involved in all oxidative reactions. The classic 
bile acid biosynthetic pathway is initiated by enzyme 
cholesterol-7a-hydroxylase (CYP7A1) (Figure 3) [201 . The 
enzyme CYP7A1 of smooth endoplasmic reticulum is a 
limiting link in the synthesis of bile acids 1 "" 1 . The activ¬ 
ity of this enzyme is regulated by the quantity of intes- 
tinally absorbed bile acids, other than cholesterol 1 ""'" 41 . 
Numerous studies have demonstrated that bile acids, 
steroid hormones, inflammatory cytokines, insulin, and 
growth factors inhibit CYP7A1 transcription through 
the 5'-upstream region of the promoter 1 " 4 411 . Sterol 12 
a-hydroxylase (CYP8B1) is required for synthesis of CA. 
Mitochondrial sterol 27 hydroxylase (CYP27A1) cata¬ 
lyzes sterol side chain oxidation, after which cleavage of 
a three-carbon unit in the peroxisomes leads to forma¬ 
tion of a C24 bile acid. Cholesterol is converted to two 
primary bile acids in human liver, CA and CDCA. Key 
regulated enzymes, CYP7A1, CYP8B1, CYP27A1, and 
7a-hydroxylase (CYP7B1) expressed, in the pathways are 
indicated. CYP7A1 initiates the classic (neutral) bile acid 
biosynthetic pathway in the liver. CYP27A1 initiates the 
alternative (acidic) pathway in the liver and macrophages. 
CA and CDCA are conjugated to glycine (G) and taurine 
(T). Bile acid: CoA synthase (BACS) and bile acid: amino 
acid transferase (BAT) are two key enzymes involved in 
amino conjugation of bile acids 1 "" 1 . 

An alternative (acidic) pathway is initiated by CY- 
P27A1, which in addition to the liver is expressed in 
macrophages and most other tissues, and may contribute 
significantly to total bile acid synthesis (Figure 3). Other 
minor pathways initiated by 25-hydroxylase in the liver 
and 24-hydroxylase in the brain also may contribute to 
bile acid synthesis. A nonspecific CYP7B1 expressed in 
all tissues is involved in the generation of oxidized me¬ 
tabolites (oxysterols), which may be transported to the 
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liver and converted to CDCA [201 . Farnesoid X receptor 
(FXR) plays a central role in the regulation of bile acid 
synthesis, excretion, and transport 131 ' * 1 " 1 . FXR inhibits 
CYP7A1 li3 \ CYP8B1 in , and CYP27A1 lX] transcription. It 
has been reported that peroxisome proliferator activated 
receptor (PPAR)a plays a role in the regulation of bile 
acid synthesis 131 ' 1 . Bile acids induce PPARa transcription 
via induction of FXR 1371 . 

Di- and tri-hydroxycholanic primary bile acids are 
produced from cholesterol during biosynthesis of bile 
acids in humans. Under normal conditions, 200-600 mg 
primary bile acids is formed daily 1 "" 131 . Bile acid synthesis 
increases in the morning regardless of food intake 1 ’ 31 . In 
humans, bile acid synthesis exhibits a diurnal rhythm with 
two peaks around 15:00 and 21:00 h |J | . Bile acids lost in 
the feces (0.2-0.6 g/d) are replenished by de novo synthesis 
in the liver to maintain a constant bile acid pool. Hepatic 
conversion of cholesterol to bile acid balances fecal bile 
acid excretion and this process represents a major route 
for elimination of cholesterol from the body 14 " 411 . 

Bile acids are physiological detergents that generate 
bile flow and facilitate intestinal absorption and transport 
of lipids, nutrients and vitamins 1 "" 1 . Bile acids, end prod¬ 
ucts of the pathway for cholesterol elimination, are re¬ 
quired for dietary lipid and fat-soluble vitamin absorption 
and maintain the balance between cholesterol synthesis in 
the liver and cholesterol excretion 1 " 11 . 


CONJUGATION OF BILE ACIDS 

Under physiological conditions, free bile acids are not fre¬ 
quently found in bile. Newly synthesized bile acids con¬ 
jugate with glycine or taurine, by giving rise to bile salts: 
(chenodeoxy-)cholylglycine or (chenodeoxy-)cholyltaurine 
(Figure 3). The physiological significance of bile acids 
conjugation is that their salts are more polar compounds 
than free bile acids. Conjugation of bile acids to glycine 
or taurine decreases bile acid toxicity and increases their 
solubility that benefits secretion into bile. Conjugated 
bile acids have a smaller critical concentration for micel¬ 
lar formation 1 '" 1 . The taurine conjugates of bile acids are 
more polar compounds than their glycine conjugates 1431 . 
Taurine (2-aminoethanesulfonic acid) is the most abun¬ 
dant free amino acid in humans and plays an important 
role in several essential biological processes such as bile 
acid conjugation, maintenance of calcium homeostasis, 
osmoregulation and membrane stabilization 14 ' 1 . Taurine 
is efficient at reducing plasma and liver cholesterol con¬ 
centrations. The cholesterol-lowering effect of taurine is 
involved in the regulatory mechanism of cholesterol and 
bile acid homeostasis that is mediated by CYP7A1, which 
has become a biomarker for cholesterol metabolism and 
is itself also regulated by several factors and nuclear re- 

[ 45 ] 

ceptors . 

The C-24 conjugation of free cholanic acids with 
glycine or taurine is accomplished by hepatocyte acyl- 
transferases. The reaction proceeds in two steps with the 
participation of ATP and in the presence of Mg" + . BACS 
and BAT are involved in amino acid conjugation of bile 
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acids 1 "" 1 . FXR stimulates bile acid conjugation by induc¬ 
ing expression of genes encoding BACS and BAT, which 
also are induced by hepatocyte nuclear factor (HNF) 
4a |4,>1 . Thus, FXR and HNF4a may coordinately regulate 
bile acid synthesis and conjugation. 

The normal human ratio of the glycine to taurine 
conjugates of bile acids is 3:1. The ratio of the glycine/ 
taurine conjugates may be altered under the influence of 
alimentary and hormonal factors, in some liver diseases. 
The presence of unconjugated bile acids in the bile most 
frequently is a result of hepatic disease. 

In the intestine, glyco- and tauro-conjugated CA and 
CDCA are deconjugated, and 7a-dehydroxylase activity 
in bacterial flora removes a 7a-hydroxy group to form 
secondary bile acids deoxycholic acid (DCA; 3a,12a- 
dihydroxy) and lithocholic acid (LCA; 3a-monohydroxy), 
respectively 1 " 01 . 

Bile acids may be also exposed to glucuronidation 
or sulfation, which results in a reduction of their toxic 
properties and promotes their urinary and fecal excre¬ 
tion 1 ' 1 1 4>1 . A small amount of bile acids circulated to 
the liver is sulfoconjugation at the 3-hydroxy position 
by sulfotransferase (SULT2A1) and rapidly secreted into 
bile. Sulfation is the major pathway for detoxification of 
extremely hydrophobic bile acids in humans 1 ’" 1 . Details 
of bile acid chemistry, biology, physiology, and synthesis 
have been reviewed recently 1 ’ 1 '’" 1 . 


BILE PHOSPHOLIPIDS 

Phospholipids are a heterogeneous group of substances. 
They contain fatty acids with a varying length of carbon 
chain. Phospholipids are an important component of cell 
membranes, plasma, and bile. In all mammalian species, 
including humans, bile phospholipids are represented 
solely by a mixture of PC (lecithin) molecules. The fatty 
acids of bile PC molecules greatly differ from those of 
lecithin of plasma and liver tissue. Depending on fatty 
acid residues at Cl and C2 of the glycerine molecule that 
is part of PC, there are a variety of lecithins. Human 
bile predominantly contains 1-palmitoyl, 2-linoleyl, and 
1-palmitoyl, 2-oleoyl PCs. This lecithin subpool repre¬ 
sents nearly 5% of the total pool of hepatic PCs. The 
lecithins destined for bile secretion have been shown to 
be apparently completely synthesized de nov o 1 '” 1 . Selection 
of certain types of PC seems to occur during bile forma¬ 
tion 1 '. Bile salts and primarily PC are the main organic 
solutes in bile, and play a crucial role in cholesterol and 
dietary lipid solubilization. Bile salts and phospholipids in 
concert increase the biliary solubility of cholesterol by > 

1 million-fold, thereby permitting entry of hepatocellular 
cholesterol into bile 1 ’ 41 . Hepatic PC biosynthesis is likely 
to be regulated by bile salts. Biliary lipid secretion is driv¬ 
en by bile salts, the primary metabolites of cholesterol. 
There are multiple data showing that the biliary secretion 
of PC (as cholesterol secretion) depends on that of bile 
acids 1 ” ’" 1 . It has also been shown that the secretion of 
bile phospholipids is not only associated with that of bile 
acids, but is regulated by the amount and type of bile 
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Electron microphotography of bile canaliculus 


rKSR0° 



Phospholipids 


Figure 4 Proposed model for lipid secretion into bile 1581 . BSEP: Bile salt export pump; MDR3: Multidrug-resistance protein 3; MRP2: Multidrug-resistance-associ- 
ated protein 2; ATP: Adenosine triphosphate; ADP: Adenosine diphosphate; Pi: Inorganic phosphate. 


salts passing through the hepatocytes 17,571 . 

The use of electron microscopy has demonstrated 
that phospholipids are secreted as vesicles into bile, and 
that vesicle secretion is almost wholly dependent upon 
MDR3 P-glycoprotein function 1 ’ 51 . Biliary-specific PC 
molecules are recruited initially from intracellular sources, 
predominant^ the endoplasmic reticulum 1 ’’ 1 . A proposed 
mechanism for PC delivery to the canalicular plasma 
membrane involves monomeric transfer via binding to 
the cytosolic PC transfer protein (PC-TP) [601 ; a process 
drat is stimulated by low concentrations of bile salts typi¬ 
cal of the hepatocytic cytosol. Alternatively, biliary lipid 
may arrive at the canalicular membrane via intracellular 
vesicle transport 1 ’ 1 . 

Biliary' PC molecules are translocated from the endo¬ 
plasmic to the exoplasmic hemileaflet by the action of a 
transmembrane translocator 1611 . 

MDR3 P-glycoprotein is thought to translocate PCs 
from the internal to the external hemileadet of the hepa- 
tocyte canalicular plasma membrane; possibly generating 
microdomains of the more fluid biliary-type PCs. Lumi¬ 
nal bile salts, secreted as monomers through the action 
of bile salt transporters (cBATs), interact preferentially 
with these microdomains to promote vesiculation of the 
membrane external hemileaflet; possibly involving non- 
lamellar phase transitions. Cholesterol, which can freely 
flip between the internal and external hemileaflets, may 
be released into bile either by diffusing laterally into na¬ 
scent vesicles, or by bile-salt-mediated transfer through 
the aqueous phase. The model is based on data from the 
study 1591 and published work 11,62 ’ 631 . 

Crawford et aP 81 proposed the concept that biliary PC 


molecules are flipped from the internal to the external 
hemileaflet of the hepatocyte canalicular membrane by 
the action of MDR3 P-glycoprotein, followed by release 
of PC vesicles from the external hemileaflet into bile 
(Figure 4). Formation and detachment of unilamellar 
vesicles from the canalicular membrane is presumably 
mediated by the detergent action of luminal bile salts. 

Vesiculation of the external hemileaflet provides an 
explanation of how luminal bile salts can extract large 
quantities of phospholipid on the basis of their detergent 
action, without disrupting the integrity of the detergent- 
resistant canalicular plasma membrane. This remarkable 
mechanism for selective secretion of membrane phos¬ 
pholipids appears to be uniquely adapted to the detergent 
environment of the bile canaliculus. 


BILE MICELLES 

Bile lecithins, bile acid salts, and cholesterol are amphi- 
philes molecules (Figure 5). In this connection, in the wa¬ 
ter medium, such as bile, these compounds cannot exist 
in the monomolecular form and they generate micellar or 
lamellar structures. 

According to the inclusions into the lipid complex, 
simple micelles (PC + cholesterol), up to 3 nm in size, 
mixed (PC + cholesterol + bile acids), 3-6 nm in diam¬ 
eter, and vesicles (PC + cholesterol + bile acids), 25-130 
nm in diameter, are identified (Figure 6). 

They can all contain amphiphilic proteins on their 
surface. Lipid molecular inclusions in the micelles of bile 
acids and the formation of mixed micelles are the main 
form of interaction of bile acids and lipids in the bile. 
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Figure 5 Chemical formulas and simple images of cholesterol, lecithins, and bile salts on a boundary of two phases-water: lipids (air, hydrocarbons). 




BA-L micelles 


Unsaturated monomers 



BA-L-Ch micelles 


Figure 6 Formation of micelles structures in the system containing bile acids, lecithin, and cholesterol. BA: Bile acids; Ch: Cholesterol; L: Lecithin. 


By forming mixed micelles, bile acids along with lecithin 
provide cholesterol solubilization. Bile salts as detergents 
form micelles when the critical concentration of micel¬ 
lar formation (CCM) is achieved. CCM depends on the 
type of bile salts and their hydrophobicity. Based on their 
hydrophobic properties, bile acids may be arranged in 
the following order: deoxycholate > chenodeoxycholate 
> cholate > ursodeoxycholate 1 " 41 . Hydrophobic, but not 
hydrophilic, bile acids are efficacious endogenous ligands 
of the nuclear receptors FXR (NR1H4), pregnane X 
receptor (PXR; NR1I2), and vitamin D receptor (VDR; 
NR1I1) that play critical roles in the regulation of bile 
acid synthesis and metabolism 1- " 1 . 

A mixture of bile acids, lecithin, and cholesterol at 
certain molecular ratios is able to form lamellar liquid- 
crystalline structures 1 " 41 . Vesicles are monolamellar glob¬ 


ules that consist of phospholipids and bile acids. At a cer¬ 
tain concentration (about 0.1 mmol/L), phospholipids as 
amphiphiles have been found to produce enclosed glob¬ 
ules, in which the polar heads are directed outward, and 
the nonpolar “tails” are inside. This particle is capable of 
forming many substances, including protein, and choles¬ 
terol, by providing solubilization of the latter by bile ac¬ 
ids. Vesiculation is largely determined by the hydrophilic- 
hydrophobic balance of bile acids and the content of 
cholesterol 1 "" 1 . The proportion of bile-mixed micelles and 
vesicles depends on the concentration and composition 
of bile acids. The most important feature of phospholip¬ 
id masses is their ability to change their consistency from 
crystalline gel to liquid-crystalline state depending on 
environmental conditions. The liquid-crystalline states are 
typified by the structural order peculiar to true crystals 
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with the preserved mobility of the molecules observed 
in solutions. The fusion of monolamellar vesicles may 
give rise to multilamellar vesicles. The vesicles are a rather 
stable formation and together with micelles play a pivotal 
role in the solubilization and transport of cholesterol into 
the bile 1 ' 41 . 

Lipid vesicles 60-80 nm in diameter have been docu¬ 
mented repeatedly by electron microscopy and quasielas¬ 
tic light scattering of freshly secreted hepatic bile 11,581 . Mi¬ 
croscope laser light scattering of bile canaliculi in isolated 
rat hepatocyte couplets also detects intraluminal vesicles 
of similar size; the numbers of which increase upon cel¬ 
lular incubation with bile salts 16 '’ 1 . 

Acid-dependent and acid-independent bile fractions 
are identified 1 "'. The former is associated with the syn¬ 
thesis and active transport of bile acids in the hepato- 
cytes. The volume of the resultant bile is linear with the 
concentration of bile acids, caused by the osmotic effect 
of bile acid anions, and Sperbet 1681 first argued it in 1959. 
The bile composition greatly varies in the bile canaliculi 
due to the increased constant volume of water and bicar¬ 
bonates irrespective of the secretion of bile acids. This 
acid-independent bile fraction is regulated by an active 
Na transport. Its physiological role is to dilute and ex¬ 
crete an acid-dependent fraction 16 ’ 1 . Further bile forma¬ 
tion occurs in the bile ducts because a fluid enriched with 
bicarbonates and chlorides is produced in the latter. This 
process is under the control of secretin (80%) and other 
gastrointestinal hormones. The volume of the water se¬ 
creted in the ducts depends to greater degree on the ac¬ 
tive transport of bicarbonates 1 '" 1 . 


ENTEROHEPATIC CIRCULATION OF BILE 
ACIDS_ 

The bile acids synthesized in the hepatocyte participate 
in the human body, in the so-called enterohepatic circula¬ 
tion. Conjugated bile acids are secreted from the hepa- 
tocytes into the bile canaliculus by canalicular bile salt 
export pump (BSEP, ABCB11). Some bile acids secreted 
in the bile duct are reabsorbed in the cholangiocytes 
and recycled back to hepatocytes (the cholangiohepatic 
shunt) 1201 . The bulk of bile acids secreted are stored in 
the gallbladder. After each meal, gallbladder contraction 
empties bile acids into the intestinal tract. Bile acids are 
mixed up with food masses (together with other digestive 
secretions), and take an active part in die processes of fat 
and fat-soluble vitamins metabolism and absorption. 

Fatty acids and monoglycerides formed from neutral 
fats with participation of bile acids and of lipases in the 
upper parts of the small intestine are absorbed by entero- 
cytes as lipoid-biliary complexes. These complexes disin¬ 
tegrate in the enterocytes. Released monoglycerides and 
fatty acids are used by the cells as energy and building 
materials or are transported to the basolateral membrane 
of the enterocytes and enter the portal venous system. 
Bile acids may return to the intestine and continue to 
participate in metabolism and absorption of fat and fat- 


soluble vitamins. As bile acids are moving through the 
intestine they may participate 4-6 times in the transporta¬ 
tion of monoglycerides and fatty acids in enterocytes. 

In the small intestine, bile acids are absorbed by both 
passive and active mechanisms 1 ' 11 . Although passive ab¬ 
sorption occurs down the length of the intestine, active 
absorption of bile acids is restricted to the ileum 1 ' 2 '’ 1 . 
Passing through the intestinal tract, some bile acids are 
reabsorbed in the upper intestine by passive diffusion, but 
most bile acids (95%) are reabsorbed in the distal ileum 
by apical sodium-dependent bile acid transporter (ASBT) 
located in the brush border membrane 1711 . In humans and 
all other vertebrates examined to date, the ileal epithelium 
has developed an efficient transport system for the active 
reclamation of bile acids 1 ’ 11 . Approximately 95% of the 
bile acids secreted into bile are derived from the recircu¬ 
lating pool 1 ' 11 . Bile acids are transdiffused across the en¬ 
terocytes to the basolateral membrane where the organic 
solute transporter and heterodimer (OST/OST) effluxes 
bile acids into the portal blood circulation 14 ’ 1 , transports 
them to the sinusoids, where they are taken up by Na - 
dependent taurocholate cotransport peptide (NTCP) 
into hepatocytes 1 '" 1 . The bulk of bile acids are absorbed 
by hepatocytes into the liver, and again excreted into the 
bile. Later, this enterohepatic cycle recurs. Hepatocytes 
are known to secrete as much as 90% of the bile acids 
that have returned into the cells during enterohepatic cir¬ 
culation, and about 10% of the newly synthesized bile ac¬ 
ids 1 '" 1 . A bile acid pool of about 3 g is recycled 4-12 times 
a day 17 * 1 . At a fundamental level, the bile acid enterohepat¬ 
ic circulation can be viewed as a series of storage cham¬ 
bers (gallbladder and small intestine), valves (sphincter of 
Oddi and ileocecal valve), mechanical pumps (canaliculi, 
biliary tract, and small intestine), and chemical pumps 
(hepatocyte and enterocyte transporters) 17 * 1 . 

The enterohepatic circulation of bile acids serves as 
an important physiological route for recycling bile acids 
and absorption of nutrients, as well as regulation of 
whole-body lipid metabolism 1 '" 1 . Enterohepatic circula¬ 
tion ensures a continuous supply of bile acids to be used 
repeatedly for lipid absorption during the digestion of a 
single meal or multiple meals throughout the day 1761 . Ef¬ 
ficient intestinal reabsorption and hepatic extraction of 
bile acids also enables effective recycling and conserva¬ 
tion that largely restricts these potentially cytotoxic deter¬ 
gents to the intestinal and hepatobiliary compartments. 

FXR plays a key role in the control of enterohepatic 
circulation of bile acids. FXR induces the expression of 
BSEP in the canalicular membrane, which is die driving 
force for bile formation. FXR inhibits Ntcp transcription 
by SHP-dependent inhibition of retinoid X receptor/ret¬ 
inoic acid receptor induction of Thus, FXR plays 

a critical role in the coordination of bile acid synthesis, 
biliary bile acid secretion, intestinal bile acid reabsorption 
and secretion, and bile acid uptake into hepatocytes. 

Hepatocytes hold a central position in the enterohe¬ 
patic circulation of bile acids, with which their highest (as 
compared to other cells) content of cholanic acids is as- 
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so dated. 

Molecular mechanisms of hepatocyte bile secretion 

Hepatocyte secretion of bile is the passive transhepato- 
cellular filtration of water and electrolytes (Na , K , and 
Cl() from blood into the bile canalicular cavity, which 
is caused by the osmotic gradient between the bile and 
blood, which results from active transport of organic and 
inorganic anions from blood and hepatocytes to the bile 
canaliculi. The ionic transport systems that govern ionic 
and electrical gradients onto the membrane surface (Na + / 
K + , Na + /H + , NaVHCOf, Cl/HCOf, and Na + /Ca 2+ ) are 
the basis for the mechanism of targeted bile secretion' 4 '. 
The transport of bile salts, organic anions and cations, 
bilirubin and other substances from the portal blood into 
the biliary system is accomplished through the action of 
an array of transporter proteins in the hepatocytes' 4 '. 

The hepatocytes are polar cells in which the transport 
of osmotically active bile components has a strict direc¬ 
tion from the sinusoidal (basal) surface to its canalicular 
(apical) part. There is evidence on the importance of tau- 
rocholic acid in the directed transport of substances in 
the liver cells 144 '. This vectorial trans-hepatocellular move¬ 
ment of bile acids is a remarkably concentrative trans¬ 
port process that is driven by a distinct set of primary 
(ATP-dependent), secondary (Na gradient-dependent), 
and tertiary (OH" or HCCb-dependent anion exchange) 
transport systems at the sinusoidal and canalicular plasma 
membranes' 1 '" 4 ’ 1 '. Bile secretion is a highly regulated pro¬ 
cess. To maintain this process, liver cells must transport 
bile acids efficiently from the portal blood into bile. ATP 
binding cassette (ABC) transporters' 51 mediate transport 
of bile salts. Expression of these transporters is regu¬ 
lated in a coordinate fashion by a set of nuclear hormone 
receptors explaining the old observation of coupling be¬ 
tween bile salt secretion and biliary lipid secretion. Over 
the past two decades, there has been significant progress 
toward identifying the individual membrane transporters 
and unraveling their complex regulation 1 ''. The hepato¬ 
cytes are polarized cells that express differential transport 
systems in their plasma membrane domains. Molecular 
cloning has identified most of these transport proteins, 
and their transport properties characterized by functional 
studies. The NTCP, the bile salt export pump (BSEP), the 
ASBT, and the organic solute transporter OSTa-OST(3, 
the major bile acid transporters that control the fate of 
bile acids, through either absorption and enterohepatic 
cycling or excretion and elimination from the body. 

These transporters play a key role in the vectorial 
transfer of solutes and water from sinusoidal blood into 
the bile, thus contributing to bile formation and the bili¬ 
ary excretion of various xenobiotics. In the liver and in¬ 
testine, transporters play a critical role in maintaining the 
enterohepatic circulation and bile acid homeostasis' 71,8-1 . 

Bile acids determine the secretion of an acid-de- 
pendent bile fraction. The transport of bile acids from 
the sinusoidal space to the bile canaliculus comprises 
their penetration across the sinusoidal and canalicular 


membranes and movement inside the hepatocytes. The 
molecular and metabolic processes occurring on the 
hepatocyte sinusoidal membrane involve: (1) hepatocyte 
absorption of bile acids and proteins from blood; and (2) 
transmembrane transfer of inorganic ions. The principal 
intracellular molecular and metabolic processes determin¬ 
ing the mechanisms of hepatocyte bile secretion are: (1) 
biosynthesis and conjugation of bile acids; (2) hydroxyl- 
ation and conjugation of bile acids entering the hepato¬ 
cytes from the blood; and (3) transfer of bile acids and 
proteins from the perisinusoidal to pericanalicular area of 
the hepatocytes. 

The molecular mechanisms of hepatocyte canalicular 
membrane function ensure the transmembrane transfer 
of bile acids, proteins, inorganic and organic cations and 
anions into the bile canalicular cavity. 

Molecular physiology of the transporting systems of 
the hepatocytic sinusoidal membrane: The specific 
feature of transport of bile acids from blood to the he¬ 
patocyte across the sinusoidal membrane is to overcome 
the high gradient of their concentration and electrical 
potential. Hepatocytes absorb bile acids from the blood 
by the bile acid carriers, which are integral hepatocyte si¬ 
nusoidal membrane proteins' 8 ' (Figure 7). 

Liver sinusoids possess a specific architecture that al¬ 
lows passage of organic compounds bound to albumin 
through endothelial fenestrae into the space of Disse, 
from where they can be taken up by the sinusoidal trans¬ 
port systems of the hepatocytes' 8 ’ 44 '. 

The bulk (about 85%) of the bile acids are pres¬ 
ent in plasma as a complex of plasma proteins (mainly, 
albumin)-bile acid, therefore, it has been shown that 
albumin performs its inherent transport function and 
contributes to the interaction of bile acids with specific 
sinusoidal membrane receptors in the mechanisms of he¬ 
patocyte absorption of bile acids. The bile acids in sinu¬ 
soidal blood are efficiently taken up by hepatocytes from 
Disse’s space despite being highly albumin bound, due to 
the existence in the basolateral membrane of transport¬ 
ers' 854 "'. The powerful techniques of molecular biology 
have enabled gene cloning of the transporters involved 
in biliary secretion and the enterohepatic circulation of 
bile acids. This has permitted elucidation of their func¬ 
tion as well as their regulation by nuclear receptors' 8 '. 
The enterohepatic circulation results from efficient ileal 
absorption, and is highly regulated at two sites. In the 
hepatocytes, biosynthesis of bile acids is regulated by 
negative feedback by die nuclear receptor FXR as well as 
by cytokines and by a peptide (FGF-19) liberated by bile 
acids from the ileal enterocytes. In the ileal enterocytes, 
bile acid reclamation is regulated by negative feedback by 
FXR and other nuclear receptors. BSEP mediates uphill 
canalicular bile acid secretion 4 '. The plasma membranes 
of hepatocytes have been found to contain the proteins 
that selectively bind bile acids 4 '. This uptake is carried 
out against an electrochemical gradient, is saturable' 88 ', 
and depends on the structure of the bile acids. It is more 
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junction 

Figure 7 Mechanisms of the transport of bile acids, water, and electrolytes through the hepatocyte (transcellular pathway) and intercellular space (paracel- 
lular pathway). Localization and function of sinusoidal and canalicular hepatocellular transporters. The Na*-dependent sinusoidal uptake of bile salts (BS) is 
mediated by Na*-dependent taurocholate cotransport peptide. The Nabndependent hepatic uptake of organic anions (OA'), BSs and type n organic cations (OC*) is 
mediated by members of the OATP family. Sinusoidal uptake of type I OC* is mediated by OCT1. Transport across the canalicular membrane is driven mainly by ATP- 
dependent export pumps. MDR1 mediates canalicular excretion of amphiphilic type n OC* and other hydrophobic compounds. MDR3 functions as a PC flippase. 
BSEP mediates apical excretion of BSs. MRP2 transports non-bile-salt organic anions, such as bilirubin glucuronides (BGs), GSH, and sulfated/glucuronidated bile 
salts. Canalicular transport of HCO 3 ' is mediated by the CI'/HCOT exchanger AE2. AQP9 and AQP8 are involved in the transport of water across the sinusoidal and 
the canalicular membrane, respectively. The nature of the water channels in human liver has been characterized 1841 . GC: Golgi apparatus (complex); ER: Endoplasmic 
reticulum; N: Nucleus. 


efficient for trihydroxy- than for dihydroxy-bile acids and 
for conjugated more than for unconjugated bile acids 1 *’’ 1 . 
Transporters on the basolateral membrane, which faces 
the space of Disse, are responsible for the uptake of bile 
salts and organic anions 1 The liver cells have an active 
transport system to transfer bile acids from the blood 
to the hepatocytes. Basolateral uptake transporters can 
be divided into Na -dependent and Na -independent 
systems. The NTCP, the main Na + -dependent bile acids 
transporter 1 ’" ’“ 1 is only expressed in the basolateral mem¬ 
brane 1 ’ 31 . NTCP, (gene name SLC10A1) is the founding 
member of the SLC10 family of solute carrier proteins, 
which includes two bile acid carriers (SLC10A1/NTCP 
and SLC10A2/ASBT), one steroid sulfate transporter 
(SLC10A6/SOAT), and four orphan carriers (SLC10A3, 
SLC10A4, SLC10A5, SLC10A7) [94 ' 96] . Na + -dependent 
uptake involves co-transport of solutes with Na + . More¬ 
over, the driving force is the energy of ATP generated by 
Na ,K -ATPase. This enzyme is located on the sinusoidal 
and lateral membranes of hepatocytes 177,951 and undetect¬ 
able on the canalicular (apical) part 1 ”’ 1 "" 1 . The active trans¬ 
port of bile acids ensures their continuous hepatocyte 
pumping from blood to bile, thus causing their low level 
in the blood flowing from the liver and in plasma as a 
whole. The properties of NTCP satisfy all the functional 
criteria for hepatocyte Na + -coupled bile acid uptake 171,941 . 
The major physiological substrates of NTCP include 
all the major glycine- and taurine-conjugated bile ac¬ 


ids 193,101 ""l Depending on the structure of the bile acid 
and NTCP, unconjugated bile acids are moderate or weak 
substrates 1102,105,1061 and sulfated bile acids appear to be 
only weakly transported 1 ’" l The high level of NTCP ex¬ 
pression at the sinusoidal membrane of hepatocytes and 
high affinity of NTCP for conjugated bile acids promote 
efficient extraction of bile acids from portal blood. Thus, 
NTCP functions to maintain the enterohepatic circula¬ 
tion of bile acids and maintain plasma concentrations at 
a minimum. 

The uptake of bile acids by Na -independent mecha¬ 
nisms seems to be mediated by less-specific transport¬ 
ers, known as organic anion-transporting polypeptides 
(OATPs), which exchange these molecules for other 
anions, such as HCO3", glutathione (GSH) or even other 

, -i [89,90,108] 

bile acids 

Four OATPs have been cloned and characterized 
from human liver: OATP1A2 (SLCOlA2/SLC21A3; 
formerly, OATP-A), OATP1B1 (SLC21A6; formerly, 
OATP-C or LST-1), OATP1B3 (SLC21A8; formerly, 
OATP-8) and OATP2B1 (SLC21A9; formerly, OATP-B). 
These transporters may take up bile acids (mainly un¬ 
conjugated forms), endogenous OA- (thyroid hormones, 
monoconjugated bilirubin) and xenobiotic compounds 
{eg., toxins, drugs and food components) 11071 . In contrast 
to NTCP, members of the OATP family expressed on 
the hepatocyte sinusoidal membrane, such as Oatplal 
(Slcolal), efficiently transport unconjugated or sulfated 
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bile acids, suggesting that these carriers participate in the 
hepatic uptake of those bile acid species in w/ 9 ’ 10 ’’ 11 " 1 . 
The heterodimeric protein OSTa/OSTp is expressed 
at the basal membrane of hepatocytes and cholan- 
giocytes 1 ’" 1 . This is a sodium-independent bile acid 
transporter that may play a role in bile acid efflux from 
hepatocytes toward blood when these compounds are 
accumulated under cholestatic conditions. Moreover, in 
cholangiocytes, in addition to playing a similar role, this 
transporter may also be involved in the cholehepatic 
shunting of bile acids. 

Hepatocellular uptake of organic cations is mediated 
by two separate transport systems, which depends on the 
substrate molecular size 1 ’ 121 . Thus, small (type I) organic 
cations are taken up by the organic cation transporter, 
OCTl/Octl (SLC22A1/Slc22al), which is electrogenic 
in nature. In contrast, human OATP-A mediates the 
uptake of bulky (type II) organic cations. In addition to 
conjugated and unconjugated bile salts, Oatps/OATPs 
accept other cholephilic compounds, including glucuroni- 
dated (and maybe unconjugated) bilirubin, exogenous 
organic anions ( eg., sulfobromophthalein), leukotrienes, 
estrogen-conjugates (e.g., estrone-3-sulfate or estradiol- 
17-R-d-glucuronide), thyroid hormones, mycotoxins, and 

, • . [92,113-115] 

numerous xenobtodcs 

Molecular physiology of the intracellular processes 
underlying the hepatocyte secretion of bile: In order 
to explain the transit of bile acids from the sinusoidal 
membrane to the pericanalicular region, two different, 
not mutually exclusive, mechanisms have been proposed: 
(1) simple diffusion of bile acids bound to intracellu¬ 
lar proteins 1 " 61 ; and (2) vesicular transport of bile acids 
driven by cytoskeleton contractile activity 1 " 7 '" 81 . Two ar¬ 
guments have been raised against the role of the second 
mechanism. One is that hepatic transit of labeled bile 
acids is too fast 1 " 81 . The second is that the baseline secre¬ 
tion of bile acids is not modified by microtubular disrup¬ 
tion 1 " l However, the overload of bile acids intensifies 
the vesicular trafficking from the Golgi complex to the 
pericanalicular zone 1 " 71 , and under these circumstances 
the alteration in the functional integrity of the cytoskel¬ 
eton results in impaired bile acid secretion 1 " 1 ’ 1 and subse¬ 
quent cholestasis 1 "’ 1 . 

The quantity of ABC transporters in the apical mem¬ 
brane is regulated by the amount of biliary components 
available for secretion 1 """’ 1 . The regulated intracellular 
vesicular traffic of canalicular ABC transporters 1 "’’" 41 is 
crucial for normal bile secretion. BSEP (formerly SPGE, 
a sister of P-glycoprotein) is the main, if not the only, 
canalicular bile acid transporter 1 " 51 , and it is also located 
in subcanalicular vesicles that may act as an intracellular 
pool. It is therefore probable that the impaired secretion 
of bile acids observed in overloaded conditions is an in¬ 
direct result of the distortion of the increased vesicular 
traffic of transporters to the canalicular membrane 1 "" 1 . 
These and other studies 1 " 6 ’" 1 have established the actual 
role of vesicular trafficking in hepatocytes, and have 


demonstrated that specific vesicle trafficking machinery 
is required for membrane polarity. The overall functions 
based on hepatocyte polarity are not attributable to the 
mere presence of transporters in both poles of these 
cells 1 " 81 but also to their intracellular trafficking and tem¬ 
porary anchorage to the different hepatocyte membranes 
(Figure 7). 

Molecular physiology of the transporting systems of 
the hepatocyte canalicular membrane: After travers¬ 
ing the cell by Fick’s diffusion, cholephilic compounds 
mostly bound to high-affinity cytosolic proteins are ex¬ 
creted into the bile mainly by ATP-dependent pumps of 
the superfamily of ABC transporters; in particular those 
belonging to the family of multidrug-resistance proteins, 
MDR/Mdr, or to the family of multidrug-resistance- 
associated proteins, MRP/Mrp 157,711 . 

MDRs/Mdrs are members of the ABC superfamily 
that were originally described in cancer cell lines, where 
they confer resistance to therapeutic agents. Three gene 
products were identified in rodents, Mdrla (Abcbla), 
Mdrlb (Abcblb) and Mdr2 (Abcb4), and two in humans, 
MDR1 (ABCB1) and MDR 3 (ABCB4). MDRl/Mdrl 
functions as an efflux pump for a wide range of amphi¬ 
philic, bulky type II cationic drugs, together with other 
hydrophobic compounds, such as endogenous and ex¬ 
ogenous metabolites or toxins, steroid hormones, hydro- 
phobic peptides and even glycolipids 1 "’ 1 . Two closely re¬ 
lated but functionally distinct Mdrl isoforms, mdrla and 
mdrlb, are present in the murine but not human phe¬ 
notype 1 "’ 1 . MDR3/Mdr2 functions as a flippase, which 
translocates PC from the inner to the outer hemileaflet 
of the canalicular membrane, followed by release of PC- 
containing vesicles from the outer hemileaflet into bile; a 
process facilitated by the detergent properties of luminal 
bile salts 1 ’ 581 . 

Monoanionic bile salts are excreted in the cana¬ 
licular pole by the bile salt export pump (BSEP/Bsep; 
ABCBll/abcbll); another member of the MDR fam¬ 
ily 115 " 1 . In contrast, canalicular efflux of divalent, bipolar 
sulfated or glucuronidated bile salts is mediated by the 
multidrug-resistance-associated protein 2 (MRP2/Mrp2; 
ABCC2/Abcc2) [151 ’ 1521 . This carrier is also engaged in the 
biliary excretion of many other organic anions, including 
glutathione-S-conjugates (e.g., leukotriene C4 or sulfobro¬ 
mophthalein, among others), glucuronides (eg., bilirubin 
and estrogens), and reduced (GSH) and oxidized gluta¬ 
thione (GSSG) - the former with low affinity 1155 ’ 1541 . Both 
GSSG and GSH are major determinants of the so-called 
“canalicular bile-salt-independent bile flow” 1 ’ 5 ’ 1 . 

The canalicular membrane domain also contains the 
electroneutral anion exchanger 2 (AE2/Ae2; SLC4A2/ 
slc4a2), which extrudes HCCb" by exchanging the anion 
for biliary Cl 11,61 . It functions to regulate intracellular pH 
when hepatocytes are exposed to an alkaline load 1 ’ ’ 61 . In 
addition, AE2/Ae2 plays a role in bile flow generation, 
because HCCE excretion is thought to be an additional 
primary driving force of the canalicular bile-salt-inde- 
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Figure 8 31 P-NMR spectroscopy hepatic (left part of figure) and gallblad¬ 
der (right part of figure) bile. Signals: 12,31 (standard); inorganic phosphate 
(P); phosphatidilcholine (PCh). PCh signal of gallbladder bile is increased with 
respect to such signals from hepatic bile. Signal of standard and inorganic 
phosphate of gallbladder bile are decreased with respect to such signals of 
hepatic bile. The concentration of lipids is increased by water absorption by 
gallbladder mucosa. 

pendent bile flow 1 ' 6,1 ' l Both in humans and rats, three 
transcript variants of AE2/Ae2 have been described: the 
full-length transcript AE2a/Ae2a, expressed from the 
upstream promoter in most tissues, and the alternative 
transcripts AE2bi/Ae2bi and AE2b2/Ae2bc, expressed 
in a more tissue-restricted fashion (mainly in liver and 
kidney). AE2bi/2/Ae2bi/2 transcription is driven from 
overlapping promoter sequences within intron 2, which 
results in AE2/Ae2 protein isoforms with short N-termi- 
nal differences 1138,1391 . 

In water transporters, for a solute to drive blood-to- 
bile vectorial water transport primarily, resultant osmotic 
forces need to be associated with aquaporin (AQP)-me- 
diated transcellular movement of water molecules from 
plasma to the bile canaliculus 114 " 1 . Both immunochemical 
and functional studies have demonstrated the constitutive 
expression of the water channel AQP9 at the basolateral 
membrane of rat hepatocytes, and the regulated expres¬ 
sion of the water channel AQP8 at the hepatocellular 
canalicular membrane domain 114 " 14 - 1 . AQP8 is suggested 
to play a role in bile formation, facilitating the osmotic 
movement of water under choleretic stimulus 114 "’ 14 - 1 . AQP 
isoforms that mediate polarized water transport in hu¬ 
man hepatocytes, if any, remain to be identified. 

Gallbladder 

The bile formed outside the digestive periods enters the 
gallbladder that performs two important functions: con¬ 
centration of bile and its storage up to the evacuation 
into the duodenum. Minor quantities of bile acids (about 
1.3%) are absorbed in the gallbladder walls. Micelles and 
vesicles enter the gallbladder where the concentration 
of lipids is increased by water absorption, which causes 
some physicochemical changes in the bile (Figure 8). 

If the gallbladder functions well due to its contrac¬ 
tion, all agglomerated vesicles and micelles with bile flow 
reach the duodenum. The gallbladder mucosa actively 
absorbs amino acids (this has been established by ’ 5 S- 


labelled methionine) and an albumin bile protein frac- 

[143] 

don . 

Thus, the gallbladder takes an active part in changing 
the composition of bile via reabsorption of its compo¬ 
nents into the blood and making the bile components 
circulate along the small circuit: liver-gallbladder-blood- 
liver. 

The flow of bile is lowest during fasting, and a major¬ 
ity of that is diverted into the gallbladder for concentra¬ 
tion. When chyme from an ingested meal enters the small 
intestine, acid and partially digested fats and proteins 
stimulate secretion of cholecystokinin and secretin. These 
enteric hormones have important effects on pancreatic 
exocrine secretion. They both are also important for se¬ 
cretion and flow of bile. 

Cholecystokinin: The name of this hormone describes 
its effect on the biliary system-cholecysto = gallbladder 
and kinin = movement. The most potent stimulus for 
release of cholecystokinin is the presence of fat in the 
duodenum. Once released, it stimulates contractions of 
the gallbladder and common bile duct, resulting in deliv¬ 
ery of bile into the gut. 

Secretin: This hormone is secreted in response to acid in 
the duodenum. Its effect on the biliary system is similar 
to that seen in the pancreas: it simulates biliary duct cells 
to secrete HCO3" and water, which expands the volume 
of bile and increases its flow into the intestine. 

Sphincter of Oddi 

The sphincter of Oddi is located at the interface of the 
common bile duct and the main pancreatic duct at their 
confluence into the duodenum. Anatomical and immu- 
nohistochemical studies have indicated that the sphincter 
of Oddi is richly innervated with cholinergic, adrenergic, 
and peptidergic neurons. 

The location of the sphincter of Oddi determines its 
function: to regulate the entry of bile and pancreatic juice 
into the duodenum and to prevent reflux of duodenal 
contents into the common bile duct and the main pan¬ 
creatic duct. The sphincter coordinates the time and rate 
of secretion of about 3 L/d of bile and pancreatic juice 
into the duodenum 11441 . Normally, the sphincter is char¬ 
acterized by considerable phase contractions throughout 
the interdigestive period. 

Transport of bile acids along the portal venous system 

Bile acid salts come from the intestine into the portal ve¬ 
nous system. Bile acids with venous blood enter the liver 
where they are apparently completely (99%) absorbed by 
hepatocytes. And only a small quantity (about 1%) of bile 
acids enters the peripheral blood. In this connection, in 
healthy individuals the blood concentration of circulating 
bile acid salts is small. 

In the hepatocytes, the secondary bile acids, deoxy- 
cholic and lithocholic, are subject to hydroxylation and 
they conjugate with glycine or taurine. Bile acids come as 
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Diglucuronidbilirubin-IXa 

Figure 9 Formation of IXa bilirubin from heme. 


conjugates from the liver into the bile again. The normal 
enterohepatic circulation of bile acids occurs 2-6 times 
daily depending upon the dietary regimen. 

It has been shown that the normal kidneys are not 
involved in the excretion of bile acids from the body. 
Portal venous blood bile acids are bound by plasma pro¬ 
teins, mainly albumins 114 ” 1 and, to a lesser extent, by a-and 
P-globulins. The data available suggest binding of blood 
bile salts to lipoproteins 114 '’’ 14 ' 1 . The bile acids are loosely 
bound to lipoproteins. In healthy individuals, bile acids 
are detectable in all classes of lipoproteins 114 1 


METABOLISM OF BILE PIGMENTS 

Bilirubin is a principal bile pigment. Bilirubin is formed 
in the cells of the reticuloendothelial system. Unconju¬ 
gated bilirubin is a product of heme catabolism (Figure 9). 
Degradation of heme involves its conversion to biliverdin 
followed by reduction of biliverdin to bilirubin 1145 ' 14 ’ 1 . Two 
different enzyme systems are involved in the production 
of bilirubin from heme: (1) microsomal heme oxygen- 
ase [150 " 152 l; and (2) cytosolic biliverdin reductase 1 ' 53 ’ 1541 . 

The heme oxygenase activity is detectable in all body 


tissues. However, the highest activity of this enzyme is 
found in the spleen 115 " 1 . Heme oxygenase has an evident 
stereospecificity for the a-meso-bridge of a heme mole¬ 
cule, resulting in the formation of primarily IX-a isomers 
of biliverdin in man. 

Cytosolic biliverdin reductase is also present in all 
body tissues; its activity is most pronounced in the spleen, 
liver, and kidney. 

A gram of hemoglobin produces 36.2 mg of bili¬ 
rubin 1 '”' 1 . In an adult, the daily bilirubin production de¬ 
termined by different methods is 3.9 + 0.7 mg/kg (or 
250-350 mg/d) - when determined with labeled bilirubin; 
and 4.4 + 0.7 mg/kg established from CO 2 formation 
when heme is converted to bilirubin 114 ’’ 1 ” 41 . Normally, 
a human being generates bilirubin IX-a and a minor 
quantity of its structural isomers: bilirubins IX-p, IX-y or 
IX-8. 

Bilirubin is liberated from the endothelial tissue cells 
to plasma, binds to albumin, and is delivered to the hepa- 
tocytes and taken up by liver cells in a form dissociated 
from albumin. Bilirubin transport across the basolateral 
part of a membrane within the hepatocyte is accom¬ 
plished by transport systems such as organic anions 
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transport protein 1 * 151 , via the flip-flop mechanism 1 * 1 ** 1 , or 
by simple diffusion due to chemical concentration gradi¬ 
ent. The uptake of bilirubin is highly effective because of 
its rapid hepatic metabolism and excretion into the bile 
and of the presence of cytosolic binding proteins, such 
as glutathione-J-transferase. Unconjugated bilirubin is a 
nonpolar (fat-soluble) substance. In the endoplasmic re¬ 
ticulum of hepatocytes, bilirubin is converted by micro¬ 
somal UDP-glucuronyl transferase to a polar conjugate 
with glucuronic acid. Mono- and diglucuronide bilirubin 
is formed. Water-soluble conjugate of bilirubin is easily 
excreted into bile. Much smaller fractions of bilirubin are 
conjugated to sulfates, glucose, or xylose 1 ' 51 . 

The physiological significance of conjugation of bili¬ 
rubin to sugars or glucuronic acid is diminishing its toxic 
properties through increasing molecular hydrophilicity, 
which improves bilirubin transport across the membrane 
structures and ensures secretion into the bile. However, 
IXp, IXy, and 1X8 isomers of bilirubin require no conju¬ 
gation for bile secretion because they have no rigid struc¬ 
ture as compared to the molecule of bilirubin IXa. The 
latter has a rigid structure due to intramolecular hydrogen 
bonds. Interestingly, the destruction of the bonds can im¬ 
prove the biliary secretion of bilirubin IXa. It has been 
demonstrated that UV blood irradiation results in de¬ 
struction of intramolecular hydrogen bonds in bilirubin. 
This facilitates the diffusion of bilirubin IXa molecules 
across the membrane structures without conjugation with 
glucuronic acid or sugars. 

A greater proportion of conjugated bilirubin in the 
bile is present in the mixed micelles containing choles¬ 
terol, phospholipids, and bile acids. Conjugated bilirubin 
is hydrolyzed by bacterial glucuronidases under urobilino¬ 
gens. Having a nonpolar molecule, urobilinogen is well 
absorbed in the small intestine, and in minimal quantities 
in the colon. The liver and kidneys re-excrete small quan¬ 
tities of absorbed urobilinogen. In hepatocyte dysfunc¬ 
tion, hepatic urobilinogen re-excretion is impaired and 
renal excretion is increased 1151 ’* 53 ’* 541 . 


SECRETION OF WATER AND 
ELECTROLYTES INTO BILE 

Formation of bile and generation of bile flow are driven 
by the active secretion of bile salts, lipids and electrolytes 
into the canalicular and bile duct lumens followed by the 
osmotic movement of water 1 * 581 . Thus, water has to cross 
rapidly into and out of the cell interior driven by osmotic 
forces. Bile as a fluid, results from complicated interplay 
of hepatocyte and cholangiocyte uptake, secretion and 
concentration that involves various transporters of lipids, 
anions, cations, and water. Considering bile is composed 
of > 95% water, the molecular basis and regulatory 
mechanisms of water transport in hepatocytes during bile 
formation are still under evaluation 1 * 5 ' 1 . 

Theoretically, water can flow through the hepatocyte 
epithelial barrier either across tight junctions between 
adjacent hepatocytes (paracellular route) or across he¬ 


patocyte plasma membranes (transcellular route). The 
paracellular route was traditionally proposed as the major 
pathway for water movement. 

The tight junctions play an important role in the 
paracellular secretion of water and the dissolved low- 
molecular-weight compounds of the latter. Water and 
electrolytes are assumed to pass from the intercellular 
space through the tight junctions into the bile canalicular 
lumen 1 ” 1 . Moreover, the selectivity of electrolyte excre¬ 
tion is considered to be cause by the presence of a nega¬ 
tive charge at the site of a tight junction. This charge 
serves also as a barrier to regurgitation of substances 
from the bile canaliculus into the sinusoidal space. The 
molecular mechanisms of paracellular permeability are 
currently associated with the functioning of the specific 
tight junction protein ZO-1. ZO-1 is phosphorylated 
with protein kinases, which is of importance in the mo¬ 
lecular mechanisms responsible for the regulation of 
paracellular permeability 1 **'*’ 1 . Tight junctions exhibit low 
water permeability but allow electrolyte permeation that 
enables canalicular spaces to shrink below the van’t Hoff 
equilibrium during the osmotic maneuver 1 '*' 1 . Nonethe¬ 
less, the experimental data supporting this view remain 
limited and largely indirect 1 "’ 21 . 

The cloning and functional characterization of a fam¬ 
ily of proteins that works as membrane water channels, 
named AQPs 1 * 631 , challenged the former concepts of 
water transport and contributed to the better understand¬ 
ing of bile physiology. The discovery of the AQP water 
channels has clarified the mechanisms by which water, 
the major component of bile, moves across the hepatobi¬ 
liary epithelia 1 ** 41 . 

Direct osmotic water permeability assessment by 
stopped-flow spectrophotometry in canalicular and sinu¬ 
soidal plasma membrane vesicles revealed the presence 
of both lipid (non-channel) and AQP-mediated pathways 
for sinusoidal and canalicular water movement 1 * 651 . The 
study demonstrated that the canalicular plasma mem¬ 
brane domain has lower water permeability than the sinu¬ 
soidal membrane, and thus it is rate limiting for transcel¬ 
lular water transport in hepatocytes 1 * 1 ' 1 . However, upon 
cAMP stimulus the intracellular AQP8 inserts to the 
canalicular domain and so this membrane becomes highly 
water permeable. Therefore, the transcellular pathway via 
water channels seems to account for most of the water 
entering the bile canaliculus. Hepatocytes express AQPs, 
a family of membrane channel proteins that facilitate the 
osmotically driven movement of water molecules. AQP8 
is localized to canalicular membranes and modulates 
membrane water permeability, providing a molecular 
mechanism for the osmotically coupled transport of sol¬ 
ute and water during bile formation. 

There is experimental evidence suggesting that defec¬ 
tive hepatocyte AQP8 expression leads to alterations in 
normal bile physiology. Thus, AQP8 protein is down- 
regulated (and canalicular water permeability decreased), 
in established rat models of cholestasis, such as sepsis- 
associated cholestasis, estrogen-induced cholestasis, and 
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extrahepatic obstructive cholestasis 11661 . 

The entry of inorganic cations and anions into the 
hepatocytes is effected with the participation of specific 
ion channels and carriers, which include Na ,K -ATPase, 
Na /H -exchanger, Na /HCCb" cotransporter, and Na - 
independent carrier of SO 4 1 2 3 4 " 11531 . It is suggested 1 "’ 1 that 
by analogy with the mechanisms of water reabsorption 
from the bile in the gallbladder, water is reabsorbed by 
the bile duct epithelial cells as a result of Na -coupled 
cotransport of Cl . Enhanced reabsorption after removal 
of the gallbladder is regarded as an adaptive mechanism 
that provides bile concentration. 

The primary mechanism of biliary copper excretion 
involves ATP7B-mediated vesicular sequestration of 
copper rather than direct copper translocation across the 
canalicular membrane 1 ' 681 . 

The microfilament system is of no small importance 
in the canalicular secretion of bile. Bile is transported to 
the ducts via contraction of a canaliculus, which is associ¬ 
ated with the activity of microfilaments. The latter play 
a great role in the regulation of permeability of a tight 
junction for water and electrolytes. 


SECRETION OF PROTEINS INTO BILE 

Proteins, as bile acids, are referred to as the osmotically 
active components of bile, which determine the rate of 
its secretion 1 " 1 . Albumin and the other proteins that are 
close to its molecular weight make a major contribution 
to the creation of an osmotic gradient. 

Tens of different proteins with a molecular weight of 
6-220 kDa are detectable in the bile [J>1 . The greater part 
of them are blood proteins; the lesser are the proteins en¬ 
tering die bile directly from the hepatocytes and epithelial 
cells of bile ducts. The experimental data 1 ” 1 suggest that 
many plasma proteins interact with the specific receptors 
available on the sinusoidal membrane of hepatocytes and 
form a plasma protein-receptor complex that enters the 
liver cells via endocytosis. 

The intracellular transfer of proteins from the peri- 
sinusoidal area of a hepatocyte to its pericanalicular one 
is mainly accomplished by targeted vesicular transport. 

The large proportion of proteins entering the hepato¬ 
cyte from blood as a receptor-plasma protein complex 
generate a receptosome (endosome) and are transported 
in such a form to the Golgi apparatus, then to the cana¬ 
licular membrane 1 ” 1 . The newly synthesized proteins 
entering the bile canaliculi are also transported just from 
the hepatocytes by targeted vesicular transport. It is pre¬ 
sumed that apolipoproteins perform in the bile the same 
function as lipoproteins in the serum, that is, ensure lipid 

. [ 169 ] 

transport . 

Apoproteins are taken up from the sinusoidal space 
by endocytosis, transported in the hepatocytes as vesicles 
and released into the bile across the canalicular mem¬ 
brane by exocytosis 1 ' 7 " 1 . 

In conclusion, the cholesterol that is newly synthe¬ 
sized in the hepatocytes serves as a substrate for the 
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synthesis of bile acids. The synthesis of bile acids is a key 
point in the formation of bile. Acid-dependent and acid- 
independent bile fractions are identified. The structure of 
a hepatocyte provides a targeted transport of bile con¬ 
stituents from the basolateral to apical membrane of a 
liver cell. The transport of bile acids across the sinusoidal 
membrane is associated with the overcoming of a high 
concentration gradient and an electrical potential and it 
is accomplished by an active transport with the participa¬ 
tion of carrier proteins. The vesicles are the basic form 
of the transport of lipids in and out of the cell itself. Bile 
lipids are secreted into the bile canaliculi as monolamellar 
vesicles. Bile acids pass across the apical part of a hepa- 
tocytic membrane independently, by ABC transporters, 
solubilize the phospholipids and cholesterol from the 
membrane surface in the bile canalicular lumen. 

There is a constant transformation of vesicles to and 
from micelles in the bile canaliculi and ducts as a result 
of absorptive and secretory processes with the participa¬ 
tion of bile acids. All the aforesaid suggests considerable 
progress made in the understanding of the mechanisms 
of bile formation and excretion, which has made possible 
due to the advances of fundamental investigations in cell 
biology, molecular biology and biochemistry. 
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Abstract 

Although the incidence of gastric cancer has been 
declining in recent decades, it remains a major public 
health issue as the second leading cause of cancer 
death worldwide. In China, gastric cancer is still the 
main cause of death in patients with malignant tumors. 
Most patients are diagnosed at an advanced stage and 
mortality is high. Cyclooxygenase-2 (COX-2) is a rate- 
limiting enzyme in prostanoid synthesis and plays an 
important role in the development and progression of 
gastric cancer. The expression of COX-2 in gastric can¬ 
cer is upregulated and its molecular mechanisms have 
been investigated. Helicobacter pylori infection, tumor 
suppressor gene mutation and the activation of nuclear 
factor-kappa B may be responsible for the elevated 
expression of COX-2 in gastric cancer. The mechanisms 
of COX-2 in the development and progression of gastric 
cancer are probably through promoting the proliferation 
of gastric cancer cells, while inhibiting apoptosis, assist¬ 
ing angiogenesis and lymphatic metastasis, and partici¬ 
pating in cancer invasion and immunosuppression. This 
review is intended to discuss, comment and summarize 
recent research progress on the role of COX-2 in gastric 
cancer development and progression, and elucidate the 


molecular mechanisms which might be involved in the 
carcinogenesis. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved. 
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Core tip: Cyclooxygenase-2 (COX-2) plays an important 
role in gastric cancer development and progression. 
The present review aims to determine the molecular 
mechanism of COX-2 overexpression in gastric cancer 
and focus on the detailed information on COX-2 in¬ 
volved in carcinogenesis. By reviewing research prog¬ 
ress, this may be helpful in clarifying the internal rela¬ 
tionship of the afore-mentioned aspects. 


Cheng J, Fan XM. Role of cyclooxygenase-2 in gastric cancer 
development and progression. World J Gastroenterol 2013; 
19(42): 7361-7368 Available from: URL: http://www.wjgnet. 
com/1007-9327/fuli/vl9/i42/7361.htm DOI: http://dx.doi. 
org/10.3748/wjg.vl9.i42.7361 


INTRODUCTION 

Gastric cancer is one of the most common malignant tu¬ 
mors worldwide, and the morbidity and mortality associ¬ 
ated with this disease are ranked second highest of all ma¬ 
lignant neoplasms 11 " 3 '. In China, the incidence of gastric 
cancer has been declining in recent years' 4 '. Since 75% of 
gastric cancer patients are diagnosed at an advanced stage 
and cannot be cured merely by surgery, chemotherapy 
combined with surgery is often the primary treatment. 
There are many factors that affect the prognosis of gas¬ 
tric cancer, and of these factors invasion and metastasis 
are leading causes of death. The role of cyclooxygenase-2 
(COX-2) in gastric cancer development and progression 
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has been extensively studied. The expression of COX-2 is 
elevated in gastric cancer tissues, therefore, inhibition of 
COX-2 expression may prevent or reverse gastric carcino¬ 
genesis. This review focuses on the crucial role of COX-2 
in gastric cancer development and progression. In addi¬ 
tion, its mechanisms of action are illustrated. 


COX 

COX, also known as prostaglandin synthase, is the rate- 
limiting enzyme responsible for the conversion of ara- 
chidonic acid (AA) into the various prostaglandins (PGs), 
a family of lipid mediators that have widespread and di¬ 
verse biological functions 15 '. This enzyme possesses both 
peroxidase activity in catalyzing prostaglandin G 2 (PGG 2 ) 
to prostaglandin H 2 (PGH 2 ) and COX catalytic activity 
in the conversion of PGG 2 from AA 16 '. Members of the 
PGs family including PGD 2 , PGE 2 , PGF 2 , PGG 2 , and 
PGH 2 are widely distributed in organic bodies and play 
different roles in metabolism 1 * 111 . It is reported that PGE 2 
was overexpressed in tumor tissues and was involved in 

• 112 - 14 ] 

carcinogenesis 

COX, with a relative molecular mass of 71000, is a 
type of glycoprotein which is located on the surface of 
the nuclear membrane and microsomal membrane. Two 
COX isoforms have been found: COX-1 and COX-2. Al¬ 
though COX-1 and COX-2 share a high level of homol¬ 
ogy (65%), the activity and expression of these enzymes 
are different, and they can function independently within 
the same cell type 1151 . 

The COX-1 gene, comprised of 11 exons and 10 in- 
trons, is a type of housekeeping gene, which is located at 
chromosome 9 q’~ ” ’. The full length of the COX-1 gene 
is about 22.5 kb, and no hogness box and promoter ele¬ 
ments are found. In most tissues, COX-1 is composed of 
599-600 amino acid residues and expressed constitutively 
and continuously 116 '. The basic functions of COX-1 are 
not only promoting the synthesis of PGs, but also main¬ 
taining the homeostasis of an organism such as regulat¬ 
ing the clotting mechanism, stabilizing renal blood flow 
and protecting gastric mucosa 1 ' 7 " 19 '. COX-1 is expressed 

negatively or weakly in tumor tissues and is not involved 

• [20] 

in carcinogenesis . 

The COX-2 gene, located at chromosome lq" ‘ ' , is 
composed of 10 exons and 9 introns. With hogness box, 
CAAT/enhancer binding protein (C/EBP) and cAMP 
response elements in the 5’-terminal nucleotide sequence, 
the gene is approximately 8.3 kb in size [211 . There are also 
some binding sites in the gene sequence such as the ac¬ 
tivator protein-2 (AP-2) binding site and the nuclear fac¬ 
tor-kappa B (NF-kB) binding site 1 ”" 1 . COX-2 is composed 
of 604 amino acid residues and is expressed negatively 
in normal tissues and organs under physiological condi¬ 
tions, except the constitutive expression in kidney and 
brain. It is inducible in response to certain stimuli such as 
growth factors and cytokines. COX-2 is involved in many 
pathological processes such as inflammation and carci¬ 
nogenesis 1 " 1 '" 41 . It was reported that more than 15% of 


malignant tumors are correlated with infection 1 " 51 . Various 
inflammation networks have been confirmed to play cru¬ 
cial roles in the microenvironment of carcinogenesis 1 " 1 ' 1 , 
and the most important network is the COX-2/PGE2 
pathway 1 "'. In addition, it has been well established that 
COX-2 is up-regulated in a variety of cancers and pro¬ 
motes their growth 128 " 301 . 


EXPRESSION OF COX-2 IN GASTRIC 
CANCER 

The first report on the expression of COX-2 in gastric 
cancer was from Ristimaki et aF‘'\ Their study showed 
that human gastric adenocarcinoma tissues contained 
significantly higher levels of COX-2 mRNA when com¬ 
pared with paired gastric mucosal specimens devoid of 
cancer cells. Immunohistochemical staining detected 
COX-2 protein expression in the cytoplasm of gastric 
carcinoma cells, but not in the surrounding stroma. Ue- 
fuji confirmed the overexpression of COX-2 protein 
in human gastric adenocarcinomas by immunoblotting, 
and reported that overexpression of COX-2 protein was 
independent of the histologic type of gastric cancer 1 ’ 11 . 
A study further confirmed the significant difference in 
COX-2 protein expression between normal tissues and 
gastric cancer tissues 1 ’" 1 . Researchers found that the over¬ 
expression of COX-2 protein was not related to the clini- 
copathological characteristics of gastric cancer patients 1 ”', 
but related to tumor node metastasis clinical stage, 
depth of invasion and metastasis 1 ”"’ 4 '. A series of studies 
showed that COX-2 protein expression was associated 
with intestinal histological subtype, proximal location, 
tumor size and advanced clinical stage and lymph node 
involvement 135 " 39 '. Importantly, the expression of COX-2 
protein and mRNA was already detected in noninvasive 
gastric dysplasia 1 " 10 ' 411 . Thus, it seems likely that COX-2 
plays a role in early gastric carcinogenesis. 

There are controversial results in the association be¬ 
tween COX-2 and survival rate. Although COX-2 played 
a crucial role in gastric carcinogenesis and was relevant 
to the degree of tumor differentiation, the expression of 
COX-2 protein was not correlated with survival rate. In 
addition, it made little sense in predicting gastric cancer 
prognosis 14 " 1 . In contrast, other research results suggested 
that COX-2 was an independent prognostic factor for 
gastric cancer as the 5-year survival rate of COX-2 pro¬ 
tein positively expressed patients was lower than that of 
negatively expressed patients 14 ’ 1 . In addition, early-stage 
gastric cancer patients with high expression of COX-2 
protein were at a higher risk for cancer-related death than 
those with a low level of COX-2 expression 1 ” 1 . Another 
study 144 ' assessed the correlation between tumor progres¬ 
sion and epithelial mesenchymal transition using multi¬ 
variate analysis, and showed that COX-2 protein over¬ 
expression was an independent prognostic factor for 
poor survival, due to angiogenesis, cancer invasion and 
metastasis. Recently, scientists also found that COX-2 
protein and p53 expression were independent prognostic 
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factors for poor survival, in addition to late-stage disease 
and non-curative surgery 143 '. Most of the findings illus¬ 
trated above share the similar points, while the contro¬ 
versial points need to be further investigated to reach a 
consensus. 


MECHANISM OF ELEVATED COX-2 
EXPRESSION IN GASTRIC CANCER 

Helicobacter pylori infection 

Some studies suggested that Helicobacter pylori (H. pylori) 
infection was significantly related to COX-2 expres¬ 
sion' 46 48 '. H. pylori infection can lead to a local inflam¬ 
matory response, phenotypic change of epithelial cells, 
promotion of cell proliferation and inhibition of cell 
apoptosis, and ultimately an increased risk of gastric 

[ 49 ] 

cancer . 

H. pylori is classified as a class I carcinogen by the 
International Agency for Research on Cancer. Over-ex¬ 
pression of COX-2 was detected in H. pylori positive gas¬ 
tritis compared with H. pylori negative gastritis' 5 ' 1 '. COX-2 
over-expression was found in 50%-80% of gastric cancer 
patients. Another study showed that 24 h after H. pylori 
infection of epithelial cells in mice, the expression of 
COX-2 and PGE 2 were significantly elevated' 31 '. An in 
vitro study also obtained similar results' 48 '. After the co¬ 
culture of MKN 28 cell lines with H. pylori for 24 h, the 
COX-2 mRNA transcription level increased five-fold and 
the expression of PGE 2 increased three-fold, suggesting 
that synthesis of COX-2 and PGE 2 was one of the fac¬ 
tors for H.pylori associated gastric cancer' 5 ”'. 

The mechanism of COX-2 over-expression caused by 
H. pylori infection is not entirely clear. In an in vitro study, 
H. pylori induced the expression of COX-2 and inducible 
nitric oxide synthase by activating AP-1 of AGS cells' 33 '. 
Cytokines from the H. pylori associated inflammatory re¬ 
sponse also promoted the upregulation of COX-2' 4 '. In 
an in vivo study, H. pylori infection influenced the expres¬ 
sion of 385 genes, and 160 of these genes were related 
to COX-2, including the inflammation genes ( Icaml ), the 
apoptosis genes (Clu), the proliferation genes ( Gdj3 , Igf2), 
the gastric physiology genes (Galr-1) and the epithelial 
barrier function genes (Tjpl, Hqp5). After treatment with 
NS398, a COX-2 inhibitor, the expression of 140 genes 
changed, which indicated that COX-2 was correlated 
with the occurrence of gastritis' 55 '. Another study indi¬ 
cated that H. pylori could lead to the phosphorylation of 
p38 mitogen-activated protein kinase (p38 MAPK) and 
its downstream transcription factor ATF-2, and the ex¬ 
pression of COX-2 could be inhibited by a p38 MAPK 
inhibitor. These results indicated that the p38/ATF-2 
signal transduction pathway induced by H. pylori was the 
crucial mechanism involved in COX-2 expression' 56 '. In¬ 
fection with H. pylori stimulated the secretion of gastrin 
which promoted the expression of COX-2 and extended 
the half-life of COX-2 mRNA' 3 '. In addition, the inhibi¬ 
tor of gastrin-releasing peptide decreased the expression 
of COX-2, which indicated that gastrin may be involved 


in COX-2 expression induced by H. pylori 38 '. 

Suppressor gene mutation 

An imbalance of oncogenes and suppressor genes is 
responsible for carcinogenesis. The mutation of a sup¬ 
pressor gene can lead to the occurrence of cancer. A 
study revealed that COX-2 expression in patients with 
P53 mutation was higher than in those without P53 mu¬ 
tation. This indicated that P53 mutation might be related 
to COX-2 over-expression' 31 '. The protein of wild-type 
P53 could inhibit the formation of a complex composed 
of TATA box binding proteins and promoters located 
upstream of the gene sequences, and eventually inhibited 
the expression of COX-2. In contrast, the product of 
mutant type P53 could elevate COX-2 expression by the 
Ras/Raf/MAPK signal pathway. Moreover, COX-2 could 
reversibly induce mutation of P53, and both were co¬ 
expressed in gastric cancer tissues' 60 '. 

PI6 is a tumor suppressor gene located at chromo¬ 
some 9p -1 . It can inhibit the function of cyclinDl /CDK4 
and CDK6 complex, and cause ^^-independent G1 ar¬ 
rest through the phosphorylation of pRb' 61 ’ 62 '. This gene 
is usually inactivated in human gastric cancers for dif¬ 
ferent reasons. A study indicated that pi 6 was found to 
harbor promoter methylation associated with the loss of 
protein expression in cancer cells, suggesting \hatp16 in¬ 
activation due to promoter methylation may be important 
for gastric tumorigenesis' 65 '. Other mechanisms such as 
mutation and homozygous deletion, are also responsible 
for the inactivation of pi 6, which lead to the develop¬ 
ment and progression of tumors' 64 '. Researchers explored 
the expression of COX-2 protein and pi6 protein in 
gastric cancer mucosa, and found that COX-2 protein 
expression was negatively related to pi6 protein expres¬ 
sion. There may be a relationship between the expression 
of COX-2 and pi 6 . However, the mechanism involved 
needs to be clarified in further research' 65 ’ 66 '. 

NF-kB 

NF-kB is a protein which has the ability to combine with 
the nucleotide sequence in the promoter region and en¬ 
hancer region of some genes, and consequendy activate 
or enhance the transcription of these genes. NF-kB is 
usually distributed in the cytoplasm in the inactive form 
under physiological conditions. It is then activated and 
enters the nucleus in response to outside stimuli. The 
NF-kB signal pathway is involved in many processes such 
as the inflammatory response, cell proliferation, apoptosis 
and carcinogenesis. Some inflammatory cytokines, such 
as tumor necrosis factor (TNF)-a, can activate NF-kB, 
and this activated transcription factor can induce over¬ 
expression of inflammatory factors including COX-2 and 
TNF-a itself, forming the inflammatory network in the 
tumor microenvironment' 6 '. The COX-2 promoter re¬ 
gion contains several elements, with the presence of two 
NF-kB consensus sites' 68 '. COX-2 expression decreased 
significantly when NF-kB was blocked by chondroitin 
sulfate' 6 ’ 11 '. Expression of COX-2 and NF-kB increased 
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simultaneously during the process from chronic atrophic 
gastritis, dysplasia to gastric cancer. The co-expression 
of COX-2 and NF-kB played an important role in the 
angiogenesis of stomach tissues. In addition, NF-kB up- 
regulated the expression of vascular endothelial growth 
factor (VEGF), which is an important promoter of an- 

■ [ 71 ] 

giogenesis . 


MECHANISM OF COX-2 IN GASTRIC 
CARCINOGENESIS 

Cell proliferation and apoptosis 

Accumulating evidence indicates that inflammation plays 
an important role in the development of cancers 17 ”’ ’l 
TNF-a, which is a mediator of PGE 2 , plays a crucial role 
in mediating the inflammatory process through activa¬ 
tion of NF-kB. It has been found that stromal NF-kB 
can enhance proliferation of epithelial cells by inducing 
cytokines, chemokines, and growth factors, such as IL-6, 
IL-1 p, macrophage inflammatory protein-2 and TNF-a, 
while epithelial NF-kB can suppress apoptosis by induc¬ 
ing anti-apoptotic proteins, such as GADD45p, A1 /Bfll, 
and cIAPl 1 ' 4 ' 5I . As a product of AA catalyzed by COX-2, 
PGE 2 is involved in gene mutation and cancer cell pro¬ 
liferation 1 ’’l Protein encoded by COX-2 genes is a type 
of oncogenic protein, which could promote the high 
expression of PGE 2 . PGE 2 can stimulate the growth of 
blood vessels, inhibit local immune function and regulate 
a variety of signal transduction pathways which ultimately 
influence the proliferation of cells and the growth of tu¬ 
mors 1 '. It has also been confirmed that over-expression 
of COX-2 promoted cell proliferation by weakening the 
anti-proliferative effect of transforming growth factor-p 
(TGF-p) 1781 . 

An in vitro study showed that cell proliferation was 
suppressed when gastric cells were treated with COX-2 
small interfering RNA (siRNA) 1791 . In MKN-45 cells, 
inhibition of COX-2 with NS-398 led to reduced pro¬ 
liferation and induction of apoptosis, connected with 
downregulation of Bcl-2 (an anti-apoptotic gene) and 
upregulation of Bax (an apoptotic gene) 18 " 1 . COX-2 was 
a regulatory factor in the Bcl-2 upstream sequences, 
which upregulated the expression of Mcl-1, a member 
of the Bcl-2 family, through the phosphatidyl inositol 
3-kinase (PI3K) signal pathway, and eventually inhibited 
the apoptosis of cancer cells 1 ' 811 . Some studies confirmed 
that COX-2 could inhibit the apoptosis of cancer cells 
by inducing the mutation of P53^~\ Other researchers 
indicated that COX-2 weakened the apoptotic signal me¬ 
diated by Fas protein. After adding the COX-2 inhibitor, 
they detected the elevated expression of caspase, a key 
enzyme of death receptor signaling and apoptotic signal¬ 
ing pathways 1831 . 

Angiogenesis and lymphatic metastasis 

The growth and metastasis of tumors depend on the for¬ 
mation of new blood vessels. PGE 2 and PGF 2 can pro¬ 
mote vessel formation directly or indirectly 1841 . Research 


has found that COX-2 over-expression was associated 
with increased PGE 2 biosynthesis and angiogenesis in 
gastric cancer 18 ’ 1 . Furthermore, COX-2 can induce cells to 
produce VEGF and TGF-p, which could promote endo- 
theliocyte migration and tubular morphogenesis. In ad¬ 
dition, VEGF was an independent prognostic factor for 
gastric cancer prognosis 18 " 1 . After being transfected with 
COX-2 siRNA, the expression of VEGF was down-reg¬ 
ulated and the growth of gastric cancer cells was signifi¬ 
cantly inhibited 1 ”” 1 . Other studies indicated that COX-2 
upregulated the expression of Bcl-2 and Akt, which can 
inhibit the apoptosis of endothelial cells and promote 
vessel formation 187 ’ 881 . 

VEGF-C has been identified as a new member of the 
VEGF family and is considered a specific lymphangio- 
genic factor. It can promote the formation and dilation of 
lymphatic vessels, enhance the permeability of lymphatic 
vessels and facilitate lymphatic metastasis. A recent study 
confirmed a positive correlation between the expression 
of COX-2 and VEGF-C in gastric cancer patients, and 
both were related to gastric cancer prognosis 1871 . 

Invasion and metastasis 

Invasion is the premise of cancer metastasis which in¬ 
volves a variety of cytokines. Adhesion molecule is a type 
of cell surface glycoprotein that mediates cell adhesion. 
E-cadherin adhesion which inhibits the separation of 
cancer cells from tissue can prevent cancer cell invasion. 
COX-2 can lower the activity of E-cadherin, thus the 
invasiveness of cancer cells is enhanced for further me¬ 
tastasis. The activity of E-cadherin was enhanced after 
inhibition of COX-2 17 " 1 . It has been confirmed that the 
over-expression of matrix metalloproteinase (MMP) ac¬ 
celerated the decomposition of collagen in local tissues, 
which was beneficial to the spread of cancer cells. A 
correlation between COX-2 and MMP upregulation was 
also found 1111 . COX-2 inhibitors reduce the expression of 
MMP 17 ” 1 . CD44, which acts as the membrane receptor of 
hyaluronic acid and is expressed in cancer stem-like cells, 
played an important role in cancer metastasis. A large 
number of CD44(+) gastric glands was found in human 
adenocarcinomas and adjacent metaplasias, but not in 
normal gastric epithelium. In addition, CD44(+) tumor 
cell expansion is triggered by the cooperative actions of 
PGE 2 and Wnt in gastric tumorigenesis 1 ’" 1 . Studies also 
confirmed that PGE 2 could upregulate the expression of 
CD44 1 " 41 , while COX-2 inhibitor could inhibit CD44 ex¬ 
pression 1 ’ 1 . A study demonstrated that CD44v, a variant 
form of CD44, could protect tumor cells from oxidative 
stress in a mouse gastric cancer model, thus it plays an 
important role in tumor development 1 ’" 1 . Other possible 
mechanisms include the upregulation of urokinase-type 
plasminogen activator (uPA) in promoting the metastasis 
of cancer cells 1 ’ 1 and more potential pathways need to be 
further clarified. 

Immunosuppression 

It has been found that COX-2 was involved in the im- 
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munosuppression in gastric cancer, where effector T 
cells were suppressed by regulatory T cells. In Treg cells, 
expression of COX-2 was correlated with that of fork- 
head box p3. By using a COX-2 inhibitor, the immu¬ 
nosuppression of effector T cells was reversed 1 2 3 4 5 6 7 ’ 8 '. The 
possible mechanisms involved may be as follows: PGE 2 
disabled the function of dendritic cells in the tumor mi¬ 
croenvironment and the cells could not present the tu¬ 
mor antigen effectively, and eventually the T cells did not 
recognize or kill the cancer cells'”'. In addition, PGE 2 
may also reduce the immunosurveillance of the immune 
system on mutant cells by inhibiting the expression of 
human leucocyte antigen I and II, and by reducing the 
production of lymphokine. The immunosurveillance ef¬ 
fect could be enhanced by using a COX-2 in hibitor and 
stimulating the activity of natural killer cells' 100 '. 


CONCLUSION 

The COX-2/PGE2 pathway involved in the inflammatory 
response plays a critical role in the microenvironment of 
gastric tumorigenesis. Expression of COX-2 is elevated 
in gastric cancer and its over-expression is associated with 
H. pylori infection, mutation of suppressor genes and 
NF-kB. Over-expressed COX-2 participates in gastric 
carcinogenesis by promoting cell proliferation, inhibiting 
cell apoptosis, inducing vessel formation, and enhancing 
metastasis and immunosuppression. Although progress 
has been made in exploring the mechanism of gastric 
cancer development, some issues remain to be explored 
in further studies. As research continues, interventions in 
gastric cancer using COX-2 as a target might eventually 
become a specific treatment of choice. 
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Abstract 

The intestinal mucosa is characterized by a high com¬ 
plexity in terms of structure and functions and allows 
for a controlled demarcation towards the gut lumen. 
On the one hand it is responsible for pulping and selec¬ 
tive absorption of alimentary substances ensuring the 
immunological tolerance, on the other hand it prevents 
the penetration of micro-organisms as well as bacterial 
outgrowth. The continuous regeneration of surface epi- 
thelia along the crypt-villus-axis in the small intestine 
is crucial to assuring these various functions. The core 
phenomena of intestinal epithelia regeneration com¬ 
prise cell proliferation, migration, differentiation, and 
apoptosis. These partly contrarily oriented processes 
are molecularly balanced through numerous interact¬ 
ing signaling pathways like Wnt/p-catenin, Notch and 
Hedgehog, and regulated by various modifying fac¬ 
tors. One of these modifiers is acyl-CoA synthetase 5 
(ACSL5). It plays a key role in de novo lipid synthesis, 
fatty acid degradation and membrane modifications, 
and regulates several intestinal processes, primarily 
through different variants of protein lipidation, e.g., 
palmitoylation. ACSL5 was shown to interact with proa- 
poptotic molecules, and besides seems to inhibit prolif¬ 
eration along the crypt-villus-axis. Because of its proa- 
poptotic and antiproliferative characteristics it could 


be of significant relevance for intestinal homeostasis, 
cellular disorder and tumor development. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved. 

Key words: Acyl-CoA synthetase; Apoptosis; Carcino¬ 
genesis; Colorectal cancer; Intestinal homeostasis 


Core tip: Acyl-CoA synthetase 5 (ACSL5) activates long- 
chain fatty acids by coenzyme A linkage and plays a 
key role in fatty acid metabolism. On the basis of its 
mitochondrial localization, ACSL5 forms an exceptional 
member among the acyl-CoA synthetase family. Al¬ 
though its various functions are not yet fully under¬ 
stood, ACSL5 seems to represent a modifier of cellular 
vitality along the crypt-villus-axis. 
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INTRODUCTION 

Acyl-CoA synthetase 5 (ACSL5) is part of the acyl- 
CoA synthetase family who plays a key role in de novo 
lipid synthesis, fatty acid degradation and subsequently 
membrane modifications. Their main function is the 
activation of long-chain fatty acids by coenzyme A link¬ 
age, these conjugates are primarily utilized for triglyceride 
synthesis, packed into chylomicrons and secreted through 
the basolateral membrane' 1 '. Along the intestinal crypt- 
villus-axis (CVA) they either cause cell proliferation or 
cell apoptosis' 4 '. The fatty acid activation requires a two- 
step reaction, catalysed through these enzymes. The first 
step results in an acyl-AMP intermediate of ATP. AMP 
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is then replaced with CoA and the activated acyl-CoA is 
generated. Except for the resulting acyl-CoA, free fatty 
acids (the substrates of these enzymes) are able to pass 
through membranes. The ACSL-derived esterification 
prevents it from leaving the cell. The length of the car¬ 
bon chain (12-20 C atoms) of the fatty acids defines the 
substrate specifics of the different acyl-CoA synthetases. 
On this basis, five different subfamilies were identi¬ 
fied 1 ’ 1 . Their sequences differ at N-terminus, which is 
presumably the reason for their diversity in sub-cellular 
localisation. ACSL1 and 6 are associated with the plasma 
membrane. They might play a role in the cellular fatty 
acid assimilation 16 ’ 71 . ACSL4 was mainly found in ER and 
peroxisomes 181 . The gene ACSL5 lies on chromosome 
10q25.1-q25.2 [9,101 . The functional protein is localized on 
the inner mitochondrial membrane 1 ' 1,1 “ 1 and has a signifi¬ 
cant regulatory function in the mitochondrial energy me¬ 
tabolism. The pH-dependence of this molecule is espe¬ 
cially important. It shows a high functional activity under 
alkaline conditions. This observation is of special interest 
in the case of mitochondria: In contrast to the enclosing 
cytoplasm their pH is more basic by one point and they 
show a more alkaline pH with beginning apoptosis 1 *’ 1 . In 
this context the pH conditions of tumor genesis and a 
differing functionality of ACSL5 should be considered as 
well 1 ' 41 . 

Analysing the role of ACSL5 in differentiation and 
senescence of enterocytes, a sensitization to TRAIL- 
dependent apoptosis was found 141 , whilst the Triacsin 
C-induced apoptosis induction in glioma cells was in¬ 
hibited. Mashima et aP ] postulated an ACSL5-dependent 
survival of tumor cells. There is evidence to suggest a cell 
regulatory involvement of ACSL5 in addition to its lipid 
modifying function 11 ’ 1 . 

Triacsin C [l-hydroxy-3-(E,E,E-2’,4’,7’-undecatrie- 
nylidine) triazene] was identified as a potent competitive 
inhibitor of acyl-CoA synthetase activity 1 ' 61 . Its inhibitory 
effects depend on the N-hydroxytriazene moiety of the 
molecule, resulting in a dramatic reduction in cholesterol 
as well as triglyceride synthesis with non-transition of 
macrophages to foam cells or enhanced eicosanoid re¬ 
lease in leucocytes 1 ' 7,181 . Kaemmerer et aP®' showed that 
human ACSL5 is, unlike rat ACSL5, sensitive to die com¬ 
petitive inhibition by triacsin C and does not compensate 
for other triacsin C sensitive ACSL isoforms. 

This mini review outlines the modifying role of 
ACSL5 in different cellular processes at the interface be¬ 
tween proliferation and apoptosis. 


ACSL5 AS A REGULATOR OF THE 
CELLULAR RENEWAL ALONG THE CVA 
IN HUMAN SMALL INTESTINE 

The CVA in adult human small intestine is important for 
maintaining intestinal homeostasis and this process is 
controlled by regulatory signaling pathways such as Wnt/ 
P-catenin, Notch, Hedgehog, and apoptosis. Canonical 


Wnt signaling plays a key role in regulating intestinal cell 
proliferation 1 " 1 . A mutation-derived activation of the 
cascade initiates the adenocarcinoma sequence. Blocking 
canonical Wnt signals leads to a proliferative arrest of ep¬ 
ithelial cells in the crypts of Lieberkuhn. The cell sorting 
receptors EphB2 and B3 are also target molecules of the 
pathway, as they control the positioning of Paneth cells 
towards the crypt bottom, whereas all other differentiated 
epithelial cells migrate along the CVA 1 '”" 1 . 

The highest amount of Notch activity is found in 
intestinal stem cells 1 ” 1 ”””” 1 . The transcription factors Hes-1 
and Math-1 conduct the differentiation of progenitor 
cells into enteroendocrine, goblet and Paneth cells 123,241 . 
Blocking of Notch signaling with the y-secretase inhibi¬ 
tor dibenzazepine results in a rapid conversion of prolif¬ 
erative crypt cells into post-mitotic goblet cells 125 ’” 61 . 

The Hedgehog pathway with its main epithelial pro¬ 
teins Sonic (Shh) and Indian (Ihh) Hedgehog is of central 
relevance in villus formation and stem cell homeosta- 

• [ 27 , 28 ] 

SIS 

ACSL5 is expressed in an ascending gradient along 
the CVA with the highest expression level in enterocytes 
at the villus tip (Figure 1). It is assumed that ACSL5 sen¬ 
sitizes these enterocytes towards TRAIL-derived apopto¬ 
sis susceptibility by down-regulation of the anti-apoptotic 
FLIP and up-regulation of TRAIL-R1 on the cell sur¬ 
face. TRAIL shows a corresponding gradient expression 
pattern 141 . Gassier et aP ] suggested an ACSL5-dependent 
link to TRAIL-induced apoptosis by the ceramide neo¬ 
synthesis, which is known to play a key role in TRAIL- 
induced apoptosis 1291 , occurring mainly at mitochondrial 
membranes 13 " 1 . 

Adenocarcinomas with an invasive phenotype and 
enhanced proliferation showed decreased levels of 
ACSL5 141 . A functional correlation between ACSL5- 
derived apoptosis susceptibility of enterocytes and in¬ 
creased tumor development is assumed 1 ’ 11 . 


LIPID MODIFICATIONS CONTROL 
INTESTINAL SIGNALING PATHWAYS OF 
CENTRAL RELEVANCE 

Long-chain polyunsaturated fatty acids show significant 
modifying functions in the cell cycle, resulting in inflam¬ 
mation and cancer development 1 ’””’ 3 ’ 1 . They enter into 
cells by means of concentration gradients or transport 
proteins. The retention in the cell depends on its further 
metabolic function and intracellular modification. The 
different ACSL isoforms activate a broad range of long- 
chain fatty acids and channel them into specific down¬ 
stream pathways that can vary in a tissue-specific man¬ 
ner 1 ’ 41 . An over-expression of ACSL5 increases the fatty 
acid incorporation into diacylglycerol and triacylglycerol 
but does not affect FA used for p-oxidation 1 ” 1 . 

A lipid modification of central relevance in several in¬ 
testinal pathways is palmitoylation. Palmitate, a 16-carbon 
saturated fatty acid, is covalently bound to more than 100 
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Figure 1 Expression of acyl-CoA synthetase 5 and p-catenin in normal human intestinal mucosa. Schematic overview of signaling pathways in intestinal mu¬ 
cosa (A) immunostaining of acyl-CoA synthetase 5 (ACSL5) (B) and p-catenin (C). 


cellular and viral proteins. In most cases, the fatty acid is 
thioester (S-acyl) posttranslationally linked to cysteine. 
The reaction is catalysed by palmitoyl-acyltransferases, 
where palmitoybCoA serves as the donor. The palmi- 
toylation is a dynamic process by means of its reversible 
linkage 1 ’ 6 "’ 1,1 . Palmitoylation has several effects on mol¬ 
ecule functionality and is especially relevant for signaling 
cascades 1 ' 1 ’’ 4 " 1 . Protein hydrophobicity and membrane 
association are increased and protein/protein or protein/ 
lipid interactions are augmented 14 ’ 1 . Modifications derived 
from fatty acids are described for the proteins associ¬ 
ated with Wnt signaling, which are very important for 
secretion and activity. A fatty acid modification at serine 
promotes cysteine palmitoylation 14 "' 4 ’ 1 . Without this fatty 
acid attachment at the Wnt ligand, iV-glycosylation and 
secretion were still possible. In contrast, the absence of 
N-glycosylation resulted in a decreased secretion rate. 

One example for an apoptosis-associated ligand that 
is regulated by palmitoylation is the human Fas ligand 
(FasL), responsible for correct signal transduction fi¬ 
nally resulting in cell death. Palmitoylation regulates its 
transmembrane domain and is critical for efficient FasL- 
mediated killing and FasL processing 144,4 ” 1 . 

Another molecule regulated by T-palmitoylation is 
y-secretase. Its diverse substrates originate from several 
pathways with a focus on type I integral membrane pro¬ 
teins, including Notch 1 homologues, Notch ligands, Del¬ 
ta and Jagged, cell adhesion receptors N- and E-cadherins, 
low density lipoprotein receptor-related protein, ErbB-4, 
netrin receptor DCC 146 ’ 471 . Cheng et al 461 identified S-pal- 


mitoylation of y-secretase subunits nicastrin and APH-1, 
and characterized its role on DRM association, protein 
stability, and y-secretase enzyme activities. 

Palmitoylation of Hedgehog proteins is important 
for effective signaling. Protein fatty acylation is not only 
found to be a regulator for membrane association of 
intracellular proteins, but also for the signaling activity 
and efficacy of secreted proteins l4S ’ 4 ’l Palmitoylation thus 
controls mechanisms leading to an altered reaction of the 
cells towards external signaling. 

ACSL5 may play a role in channelling fatty acids to¬ 
wards palmitoylation and other lipid functions with high 
relevance for cellular behaviour 1161 . An over-expression of 
ACSL5 in HepG2 showed an increased palmitate oxida¬ 
tion 1 ” 1 ' 1 . An ACSL5-mediated lipid modification of prolif¬ 
eration- and apoptosis-associated molecules might be an 
interface in the intestinal CVA. 


CONCLUSION 

The intestinal epithelium is subject to continuous self¬ 
renewal along the CVA, and progress has been made 
towards understanding the task of the various signal 
transduction pathways in proliferation, differentiation, 
migration and apoptosis of epithelial enterocytes. ACSL5 
is a protein localized in mitochondria that plays a key role 
in fatty acid metabolism and apoptosis. Although its vari¬ 
ous functions are not yet fully understood, ACSL5 seems 
to represent a modifier of cellular vitality along the CVA, 
providing fatty acids for several molecular events. 
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Abstract 

AIM: To study the mechanism of 5-fluorouracil (5-FU) 
resistance in colon cancer cells and to develop strate¬ 
gies for overcoming such resistance by combination 
treatment. 

METHODS: We established and characterized a 5-FU 
resistance (5-FU-R) cell line derived from continuous 
exposure (25 pmol/L) to 5-FU for 20 wk in 5-FU sensi¬ 
tive HCT-116 cells. The proliferation and expression of 
different representative apoptosis and anti-apoptosis 
markers in 5-FU sensitive and 5-FU resistance cells 
were measured by the MTT assay and by Western 
blotting, respectively, after treatment with Resvera¬ 
trol (Res) and/or l,3-Bis(2-chloroethyl)-l-nitrosourea 
(BCNU). Apoptosis and cell cycle arrest was measured 
by 4',6'-diamidino-2-phenylindole hydrochloride staining 
and fluorescence-activated cell sorting analysis, respec¬ 
tively. The extent of DNA damage was measured by 


the Comet assay. We measured the visible changes in 
the DNA da mage/repair cascade by Western blotting. 

RESULTS: The widely used chemotherapeutic agents 
BCNU and Res decreased the growth of 5-FU sensitive 
FICT-116 cells in a dose dependent manner. Combined 
application of BCNU and Res caused more apoptosis in 
5-FU sensitive cells in comparison to individual treat¬ 
ment. In addition, the combined application of BCNU 
and Res caused a significant decrease of major DNA 
base excision repair components in 5-FU sensitive cells. 
We established a 5-FU resistance cell line (5-FU-R) 
from 5-FU-sensitive FICT-116 (mismatch repair defi¬ 
cient) cells that was not resistant to other chemothera¬ 
peutic agents ( e.g., BCNU, Res) except 5-FU. The 5-FU 
resistance of 5-FU-R cells was assessed by exposure to 
increasing concentrations of 5-FU followed by the MTT 
assay. There was no significant cell death noted in 
5-FU-R cells in comparison to 5-FU sensitive cells after 
5-FU treatment. This resistant cell line overexpressed 
anti-apoptotic [e.g., AKT, nuclear factor kB, FLICE-like 
inhibitory protein), DNA repair {e.g., DNA polymerase 
beta (POL-p), DNA polymerase eta (POLFI), protein 
Flap endonuclease 1 (FEN1), DNA damage-binding 
protein 2 (DDB2)] and 5-FU-resistance proteins (thy- 
midylate synthase) but under expressed pro-apoptotic 
proteins {e.g., DAB2, CK1) in comparison to the pa¬ 
rental cells. Increased genotoxicity and apoptosis were 
observed in resistant cells after combined application 
of BCNU and Res in comparison to untreated or paren¬ 
tal cells. BCNU increased the sensitivity to Res of 5-FU 
resistant cells compared with parental cells. Fifty per¬ 
cent cell death were noted in parental cells when 18 
pmol/L of Res was associated with fixed concentration 
(20 pmol/L) of BCNU, but a much lower concentration 
of Res (8 pmol/L) was needed to achieve the same 
effect in 5-FU resistant cells. Interestingly, increased 
levels of adenomatous polyposis coli and decreased 
levels POL-p, POLH, FEN1 and DDB2 were noted after 
the same combined treatment in resistant cells. 
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CONCLUSION: BCNU combined with Res exerts a syn¬ 
ergistic effect that may prove useful for the treatment 
of colon cancer and to overcome drug resistance. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved. 

Keywords: 5-fluorouracil; l,3-Bis(2-chloroethyl)-l-nitro- 
sourea; Resveratrol; Colon cancer; Combination therapy 


Core tip: 5-fluorouracil (5-FU) resistance in colon cancer 
patients is a common phenomenon that requires imme¬ 
diate resolution. In this paper, we used two commonly 
administered clinical drugs, l,3-Bis(2-chloroethyl)-l- 
nitrosourea (BCNU) and Resveratrol (Res), and studied 
their effects on 5-FU sensitive and resistance colon 
cancer cells. The drug combination was more effective 
in 5-FU resistant cells than in 5-FU sensitive cells and 
was more effective than the individual treatments. The 
BCNU-Res combination mediated its action by compro¬ 
mising the base excision repair cascade. This combina¬ 
tion might be useful for treatment of 5-FU resistant 
colon cancer patients. 
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INTRODUCTION 

Colon cancer ranks as second in cancer related deaths 
in Western countries, and accounts for approximately 
10%-15% of all cancers; half of these patients eventually 
metastasize 1 ' 1 . The prognosis for patients who develop 
metastatic tumors is very poor, although several chemo¬ 
therapeutic methods have been used to improve their 
survival and quality of life 1 " 1 . The antimetabolite 5-fluoro- 
uracil (5-FU) has been used as a first line therapy in colon 
cancer; however, in the clinical setting, more than 40% of 
cases are resistant. Combinations of 5-FU with Leucovo- 
rin (LV), Cisplatin, and Oxaloplatin, or with plant derived 
compounds including Curcumin, Resveratrol, and Quina- 
crine have increased the response rate up to 25%-30% 13 ' 81 . 
5-FU exerts anti-proliferative and cytotoxic effects on 
cells by inhibiting thymidylate synthase (TS) or by misin- 
corporation into DNA and RNA P1 . 

The misincorporation of 5-fluorodeoxyribosyl resi¬ 
dues in DNA is generally repaired by mismatch repair 
(MMR) 1 " 1 " 1 " 1 and cells grow continuously. However, any 
disturbance of the repair system will cause incomplete 
removal of 5-FU, leading to cell death. Thus, resistance 
to 5-FU in certain cancers may be the result of highly 
efficient DNA repair in the 5-FU resistant cells. Several 


investigators have used multiple combinations of drugs 
to increase the sensitivity of 5-FU resistant-cancer cells, 
but these studies showed very poor clinical responses 14 ' 6,81 . 

The well-known natural product Resveratrol (Res) 
has demonstrated high antitumoral efficiency without 
harmful side effects of conventional chemotherapies. 
Res (3,4,5-trihydroxy-trans-stilbene) is a polyphenolic 
phytoalexin widely present in plants and enriched in red 
grapes, peanuts and other sources 1 *’ 1 . This compound 
demonstrates beneficial functions in normal cells both in 
in vitro and in vivo model systems 1 * ’ 1 . On the other hand, 
this compound exhibits cytotoxic effects on the major¬ 
ity of malignant cells, blocking the three major stages of 
carcinogenesis (i.e., initiation, promotion and progres¬ 
sion) 1 ” 1 in several cancer cell types, such as breast, colon, 
melanoma, uterine, lung and leukemia cells 1 ' "' 1 . Recently, 
using HCT-116 colon cancer cells, we demonstrated that 
5-FU increases the sensitivity to resveratrol by inducing 
DNA damage and the MAPK pathway 1 1 A significant 
inhibition of cell proliferation, migration, and increased 
apoptosis were observed when moderate concentration 
of Res (15 pmol/L) were combined with very low con¬ 
centration of 5-FU (0.5 pmol/L) 171 . 

l,3-Bis(2-chloroethyl)-l-nitrosourea (BCNU or car- 
mustine) belongs to the family of haloethylnitrosoureas. 
It is a common synthetic alkylating chemotherapeutic 
agent used for treating various types of cancers, including 
brain tumors, Hodgkins and non-Hodgkins lymphoma 
and multiple myeloma 1 "" 1 . It is highly lipophilic, capable 
of readily crossing the blood-brain barrier. It reacts with 
DNA and forms several exocyclic DNA adducts, which 
includes the saturated ethanol adducts of adenine, cy¬ 
tosine, and guanine (l,lV6-ethanol-A, 3,IV4-ethanol-C, 
N2,3-ethanol-G, and 1,06-ethanol-G) and produces intra 
strand cross-links in DNA 123 ' 261 . It can also produce mono 
substituted purine bases in DNA 1 "’ 1 . BCNU is classified 
as an animal carcinogen 1 " 71 , and has been demonstrated 
as genotoxic both in vivo and in vitro { ~ ] . This limits the 
use of this drug at higher doses, unless the drug is com¬ 
bined with some natural anticancer compounds that will 
not only decrease the toxic effect, but also synergisti- 
cally increase its effectiveness. Several combinations of 
BCNU have been tried, such as with AS 2 O 3 1281 , Cy'BG 1 ” 1 
and TMZ [3 ° ! , to increase the sensitivity in cancer cells, but 
without success. 

Recently, researchers attempted to target DNA dam¬ 
age/repair and cell cycle checkpoint signaling pathways 
as a means of cancer treatment 1 ’ 1 '” 1 . This is relevant for 
5-FU therapy, as TS inhibition and incorporation of the 
fluorinated base into DNA occurs during S-phase. The 
PI3K-like kinases, ataxia telangiectasia-mutated (ATM) 
and ATM-related (ATR), are central mediators in the 
response to DNA damage during S-phase 1341 . Evidence 
suggests the involvement of S-phase checkpoint path¬ 
ways in response to 5-FU treatment and TS inhibition 13 ’ 1 . 
A recent report suggested that ATR and CHK1 status 
influence cellular sensitivity to 5-FU in a MMR- or BER- 
mediated response-dependent manner, dictated by the 
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drug dose and exposure period 1361 . It was also reported 
that 5-FU-mediated apoptosis also involved modulation 
of the major long patch base excision repair (LP-BER) 
protein Flap endonuclease 1 (FENl) [10 ’ 37 l We have already 
reported that activation of adenomatous polyposis coli 
(APC) blocks the base excision repair pathway by interac¬ 
tion with DNA polymerase beta (POL-(3) and FEN1 [38 " 411 . 
Thus, one strategy for killing 5-FU resistant cells includes 
combining multiple drugs that will damage DNA, inhibit 
the DNA repair system and hamper cell cycle regulation 
in cancer cells. 

In the present study, we developed a novel chemo¬ 
therapeutic combination to increase the sensitivity of 
5-FU resistant colon cancer cells using a synthetic DNA 
damaging agent, BCNU, and a plant derived anti-cancer 
agent, Res, and investigated the mechanism of anti cancer 
potentiality against 5-FU resistance. We first measured 
the anti-cancer potentiality of this combination in 5-FU 
sensitive human colon cancer cells. A 5-FU resistant 
cell line was derived from HCT-116 colon cancer cells 
after prolonged treatment with 5-FU, which was sensi¬ 
tive to other chemotherapeutic agents. These cells were 
treated with the BCNU and Res combination and drug 
efficacy was measured. The BCNU and Res combination 
increased apoptosis of the 5-FU resistant cell lines by 
inducing DNA damage and inhibiting the base excision 
repair pathway. We also used isobologram analysis to 
evaluate whether the drug combination has a synergistic, 
additive or antagonist effect on human colon cancer. 


MATERIALS AND METHODS 

Cell culture and treatment 

The HCT-116 colon cancer cell line (obtained from 
American Type Culture Collection, VA, United States, Cat 
# CCL-247) was cultured in RPMI-1640 with 1% antibi¬ 
otic (100 units of penicillin and 1 mg streptomycin per 
milliliter in 0.9% normal saline) and supplemented with 
10% fetal bovine serum (HIMEDIA, Mumbai, India) in 
a humidified CCh incubator in 5% CO 2 at 37 °C. Drugs 
like Res, 5-FU, LV, BCNU were purchased from Sigma 
Chemical Ltd. (St. Louis, MO, United States). DNA poly¬ 
merase eta (POLH) and DNA damage-binding protein 
2 (DDB2) antibodies were procured from Abeam (MA, 
United States). Apurinic/apyrimidinic (AP) endonuclease 
1 (APE) and POL |3 antibodies were purchased from 
Novus Biologicals (CO, United States). The anti-APC 
antibody was purchased from Calbiochem (CA, United 
States). All the other antibodies used in the experiments 
were procured from Cell Signaling Technology (Danvers, 
MA, United States). A 1 mmol/L stock of Res, 5-FU, 
BCNU and LV was prepared in absolute ethanol, DMSO, 
50% ethanol and distilled water, respectively, and was 
stored at -20 °C. During treatment, Res, 5-FU and BCNU 
were diluted in RPMI and then added to the cultures to 
achieve the desired final concentration. LV (1 pmol/L) 
was added in combination with 5-FU in each treatment. 
When they reached 60%-70% confluency, the cells were 
treated with 5-FU, Res, BCNU and the combination of 
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BCNU and Res (in each case of the combination treat¬ 
ment, the cells were pre-treated with BCNU (20 pmol/L) 
for 24 h and then exposed to Res for another 48 h). 

Establishment of 5-FU resistant cell line 

In our earlier report, we demonstrated that the minimum 
concentrations needed for causing fifty percent cell death 
in culture (LCso) in HCT-116 cells by 5-FU was 10 pmol/ 
L 1 L To make stable 5-FU resistant cell lines, HCT-116 
cells were exposed to 25 pmol/L for more than 20 wk. 
Every 48 h the media was replaced with fresh media and 
cells were treated with fresh 5-FU of same concentration. 
Initially, more than 80% of the cells died within a few 
days; the remaining 20% cells survived and developed 
5-FU resistance. At the end of the exposure, 5-FU resis¬ 
tance was checked by a cell survival assay (MTT) in the 
presence of 5-FU and the transformed characteristic was 
confirmed by measuring several biomarkers. No signifi¬ 
cant cell death was noted after 5-FU treatment allowing 
the cells to be designated as 5-FU-R cells. 

MTT assay 

The anchorage dependent cell viability of normal 
HCT-116 and 5-FU-R cells was measured after treatment 
with various drugs using a reliable and sensitive colori¬ 
metric assay: the MTT [3-(4,5-Dimethylthiazol-2yl-) -2,5- 
diphenyl tetrazolium bromide] cell proliferation assay, as 
described previously 17,421 . Approximately, 10000-12000 
cells were plated in a 96 well tissue culture plate in trip¬ 
licate and incubated for 24 h, after which they were 
exposed to various concentrations of the indicated com¬ 
pounds for 48 h. At the end of the treatment, the cells 
were washed with 1 X phosphate buffered saline (PBS) 
and then 100 pL of 0.05% MTT reagent (Sigma) was 
added to each well and kept for 6 h in incubation at 37 °C 
to allow the formation of purple formazan crystals. 100 
pL of detergent solution (10% NP-40 with 4 mmol/L 
HC1) was added to each well of the 96 well tissue culture 
plate and the reaction mixture was incubated for lhr at 
room temperature. The color intensity was measured 
spectrophotometrically using a microplate reader (Ber- 
thold, Germany) at 570 nm. The data were calculated as 
percentages of the control. All assays were performed at 
least three times. 

Nuclear staining with 4’,6-diamidino-2-phenylindole 

To determine the apoptosis of HCT-116 and 5-FU-R 
cells after treatment with the indicated drug, 4’,6-di- 
amidino-2-phenylindole (DAPI) nuclear staining was 
carried out. Cells at 70%-80% confluency were treated 
with the desired drug for indicated time, as mentioned 
in the figure legend. The cells were then washed with 
PBS and fixed with acetone: methanol (1:1) for 15 min 
at -20 °C in the dark. Fixed cells were washed once with 
PBS and then DAPI solution was added and incubation 
was continued for 1 h at 37 °C in the dark. Excess DAPI 
was removed by washing with PBS and the stained cells 
were visualized under a fluorescence microscope (Nikon, 
Japan) at x 40 magnification. 
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Cell cycle 

Regulation of cell cycle and apoptosis were measured 
using fluorescence-activated cell sorter (FACS) analysis. 
HCT-116 and 5-FU-R cells were cultured in 60 mm tis¬ 
sue culture discs until they reached 60%-70% confluency. 
They were then treated with the indicated drug. After 
treatment, cells were trypsinized and washed with PBS 
containing RNase-A and fixed with 70% ethanol. The 
cells were incubated at -20 °C overnight and then re-sus- 
pended in 0.1 mL of Propidium Iodide (PI, 50 pg/mL) 
and incubated for 1 h in the dark at room temperature. 
Finally, FACS was used to sort the cells (Becton and 
Dickinson, CA). Cell Quest Software was used to deter¬ 
mine the DNA content of the cells at various phases of 
the cell cycle (Becton and Dickinson, CA). 

Single cell gel electrophoresis or comet assay 

After drug treatment, DNA damage in HCT-116 and 
5-FU-R cells was determined by performing a single cell 
gel electrophoresis assay following the method of Tice et 
at’’\ Cells were suspended in PBS and about 5000-6000 
cells were mixed with low melting agarose at 37 °C and 
spread on a microscopic slide. After solidifying, the slides 
were dipped in chilled lysis solution (10 mmol/L Tris, 100 
mmol/L EDTA, 2.5 mol/L NaCl, 1% Triton x 100,10% 
DMSO and pH 10.0) for 1 h. After lysis the slides were 
put in freshly prepared alkaline electrophoresis buffer and 
electrophoresis was performed at 20 V for 20 min. Slides 
were then dipped in neutralization buffer (0.4 mol/L Tris- 
HC1 and pH 7.5) and washed with distilled water, followed 
by 70% ethanol, and allowed to dry. Later, 40 pL of SYBR 
green dye was added to each slide, which was incubated in 
the dark for 30 min at room temperature. A fluorescence 
microscope (Nikon, Japan) at a magnification of x 10 was 
used to visualize DNA migration. TriTek CometScore™ 
software was used to analyze the comet lengths. 

Western blotting 

Cells were plated on 100 mm tissue culture discs and 
were treated with the indicated drug when they reached 
70% confluence. After treatment, the cells were washed 
with PBS and were lysed using the RIPA lysis buffer (50 
mmol/L Tris, 150 mmol/L NaCl, 0.5 mmol/L Deoxy- 
cholate, 1% NP-40, 0.1% SDS, 1 mmol/L Na-fVCL, 5 
mmol/L EDTA, 1 mmol/L PMSF, 2 mmol/L DTT, 10 
mmol/L (3-glycerophosphate, 50 mmol/L NaF, 0.5% Tri¬ 
ton x 100, protease inhibitor cocktail) for 45 min at 4 °C. 
The lysates were centrifuged at 14000 rpm for 10 min to 
remove the cell debris. The supernatant was collected in 
a separate tube and protein quantification was performed 
by Bradford method using BSA as a standard. Approxi¬ 
mately 100 pg of protein were loaded in each well and 
separated using 10% SDS-PAGE. After separation, the 
proteins were transferred to a PVDF membrane. The 
membrane was blocked and then probed with specific 
antibody, according to the manufacturer’s protocol. 

Analysis of combined drug effect 

Synergistic, additive or antagonist drug effects were de¬ 


termined by isobologram analysis 1-81 . Isobologram plots 
were drawn by plotting the individual LCso values of the 
drugs in their respective X- and Y-axis. The LCso values 
were obtained from the individual drugs effect of MTT 
assays. Then, a line was used to join both the data points 
and the LCso value of the combined drug was spotted 
on the same plot. In principle, if the spotted point (LCso 
value of combined drugs) falls on the line then it con¬ 
sidered as additive, whereas if it falls below or above the 
line, then it considered as a synergistic or antagonist drug 
effect, respectively. 


RESULTS 

Cytotoxic effect of 5-FU, BCNU and Res in HCT-116 
colon cancer cells 

To determine the LCso (concentrations needed for fifty 
percent cell death in culture) and to understand the cy¬ 
totoxic effect of each drug on HCT-116 cells, the MTT 
assay was carried out. Three known chemotherapeutic 
agents (5-FU, BCNU and Res) were chosen for experi¬ 
mentation (Figure 1A). The cells were treated for 48 h 
before the MTT assay. Figure 1A shows that increasing 
the concentrations of each drug increased cell death. 
5-FU was the most effective among the three drugs 
and BCNU was the least effective. LCso was noted at 
10 pmol/L 5-FU while 35 pmol/L Res and 60 pmol/L 
BCNU were needed to achieve the same amount of cell 
death (Figure 1A). Although 5-FU offered maximum cy¬ 
totoxic effects on colon cancer cells, more than 50% of 
cells exhibited resistance 1441 . To overcome such resistance 
and to increase the efficacy of Res, a combined treat¬ 
ment was employed comprising BCNU and Res. The 
BCNU concentration was kept constant at 20 pmol/L 
and varied concentrations of Res were added. The com¬ 
bination of BCNU with Res increased the sensitivity of 
HCT-116 cells. Fifty percent cell death was observed 
when 18 pmol/L Res was combined with 20 pmol/L 
BCNU (Figure IB) (P < 0.05). 

Detection of apoptosis in HCT-116 cells by DAPI staining 

5-FU, BCNU and Res killed colon cancer cells, but to 
confirm whether the killing effect of the drugs was 
through apoptosis or necrosis, DAPI nuclear staining 
was performed. Figure 1C shows that the number of 
apoptotic nuclei increased with increasing concentrations 
of Res when combined with 20 pmol/L BCNU as com¬ 
pared with untreated cells. More than fifty percent apop¬ 
totic nuclei were observed when 20 pmol/L BCNU was 
associated with 15 pmol/L of Res. Figure ID shows a 
graphical representation of the number of apoptotic and 
non-apoptotic nuclei (P < 0.05). 

Combined effect of BCNU and Res caused DNA damage 
in HCT-116 cells 

To determine whether a combination of BCNU and Res 
caused apoptosis through DNA damage or by another 
mechanism, we measured the DNA damaging efficiency 
of this combination in HCT-116 cells by DNA damage 
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Figure 1 Anti-proliferative and apoptotic effect of 1,3-Bis(2-chloroethyl)-1-nitrosourea and/or resveratrol on HCT-116 colon cancer cells. A: Anchorage-de- 
pendent cell survival of HCT-116 cells after treatment with Res, 5-FU and BCNU; B: Bar diagram representing the % viability of HCT-116 after BCNU+ Res exposure. 
HCT-116 cells were cultured in 96 well plates and grown to 60%-70% confluence. The cells were then treated with different compounds according to the materials 
and methods. Data are the mean ± SD of three different experiments. a P < 0.05 vs 20 gmol/L BCNU + 20 gmol/L Res; °P < 0.05 vs 20 gmol/L BCNU + 50 gmol/L 
Res; C: Apoptotic nuclei after 4',6'-diamidino-2-phenylindole hydrochloride staining. Images were taken using a fluorescent microscope (Nikon-Eclipse, Japan) at x 40 
magnification. Arrows indicate the apoptotic nuclei. Data are the representation of one of the replicates of three different experiments; D: A graphical representation of 
apoptotic nuclei. a P< 0.05 vs 20 gmol/L BCNU + 20 gmol/L Res. 5-FU: 5-fluorouracil; Res: Resveratrol; BCNU: 1,3-Bis(2-chloroethyl)-1 -nitrosourea. 


assays (single cell gel electrophoresis or comet assay). The 
cells were pre-treated with 20 pmol/L BCNU for 24 h 
prior to exposure with various concentrations of Res for 
another 48 h. The comet formation and average comet 
length increased with increasing concentrations of Res 
(Figure 2A). Figure 2B shows the average comet length 
of combined treatment. Compared with untreated cells, 
the average comet length increased when Res was com¬ 
bined with BCNU (Figure 2B) (P < 0.05). Thus, the data 
suggests that the DNA damaging effect of Res was mag¬ 
nified in presence of BCNU. 

Effects of BCNU and Res on the cell cycle regulation 
and apoptosis of HCT-116 

It was reported that Res halts the cell cycle at S phase 
in various cancer cells, such as breast, colon and pan¬ 
creas 143 " 4 ^. Similarly, it was also reported that BCNU ar¬ 
rests the cell cycle in the G2/M phase transition 13 " 1 . To 
determine the regulation of cell cycle profile by BCNU 


+ Res combination, we treated the cells with the above- 
mentioned drugs and performed FACS analysis at the 
end of the exposure. The percentages of Gl/M popula¬ 
tion of cells decreased with increasing concentrations of 
Res combined with BCNU in comparison with the con¬ 
trol (Figure 2C). The percentages of apoptotic cells (sub 
Gi) population increased in a dose dependent manner 
with Res combined with a fixed concentration of BCNU. 
Interestingly, approximately 60% apoptosis was noted 
when 30 pmol/L Res was combined with 20 pmol/L of 
BCNU (Figure 2C). 

Effects of BCNU and Res on the expression level of 
apoptotic markers in HCT-116 cells 

The combined effect of BCNU and Res on apoptosis, 
cell cycle regulation and DNA damage repair proteins in 
HCT-116 cells was studied by measuring the protein ex¬ 
pression levels of well known markers, such as Bcl-2- 
associated X protein (BAX), B-cell lymphoma-extra large 
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Figure 2 Regulation of cell cycle and genotoxicity of HCT-116 cells after 1,3-Bis(2-chloroethyl)-1 -nitrosourea and/or resveratrol treatments. A: Comet assay 
showing the DNA damaging effect of the drugs in HCT-116 cells. Images were taken using a fluorescent microscope (Nikon-Eclipse, Japan) at =< 20 magnification. 
Data are the representation of one of the replicates of three different experiments; B: Bar diagram represents the average comet - length in pixels as obtained from 
TriTek CometScore™ software. Data are the mean ± SD of three different experiments, a P < 0.05 vs 20 pmol/L BCNU + 5 pmol/L Res; °P < 0.05 vs 20 pmol/L BCNU 
+ 20 pmol/L Res; C: Effect of the drugs on cell cycle regulation. After treatment as mentioned in the materials and method fluorescence-activated cell sorting analysis 
was performed and the DNA content of the cell was measured by Cell Quest Software (Becton and Dickinson, CA). Data are the representation of one of the repli¬ 
cates of three different experiments. 5-FU: 5-fluorouracil; Res: Resveratrol; BCNU: 1,3-Bis(2-chloroethyl)-1 -nitrosourea. 


(BCL-XL), Poly (ADP-ribose) polymerase (PARP), p21, 
proliferating cell nuclear antigen (PCNA), APE, phos¬ 
phatase and tensin homolog (PTEN), FEN1 and human 
homolog of cyclin dependent kinase-2 (CDC-2) (Figure 
3). The level of BAX increased compared with treatment 
with BCNU alone, whereas the level of BCL-XL de¬ 
creased (Figure 3). The levels of CASPASE-3 and cleaved 
product of PARP also increased compared with BCNU 
alone (Figure 3). Thus, the data indicated that treatment 


with the BCNU and Res combination results in apoptosis 
in HCT-116 cells, as reflected by the elevated BAX/BCL- 
XL ratio, PARP cleavage and CASPASE-3 expression 
(Figure 3). 

Effects of BCNU and Res on the expression level of cell 
cycle regulatory and DNA repair proteins in HCT-116 
cells 

DNA damage repair proteins, such as FEN1, APE, and 
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Figure 3 Combined effects of 1,3-Bis(2-chloroethyl)-1 -nitrosourea and resveratrol on various cellular markers in HCT-116 colon cancer cells. Expression 
pattern of apoptotic, DNA damage/repair and cell cycle regulatory proteins after drug treatment. Data are the representation of one of the replicates of three different 
experiments. Glyceraldehyde phosphate dehydrogenase (GAPDH) served as a loading control. BAX: Bcl-2-associated X protein; BCL-XL: B-cell lymphoma-extra 
large; PARP: Poly (ADP-ribose) polymerase; PCNA: Proliferating cell nuclear antigen; PTEN: Phosphatase and tensin homolog; FEN1: Flap endonuclease 1; CDC-2: 
Cyclin dependent kinase-1; Res: Resveratrol; BCNU: 1,3-Bis(2-chloroethyl)-1-nitrosourea; APE: Apurinic/apyrimidinic (AP) endonuclease. 


PCNA, were assayed to determine the effects on DNA 
damage/repair in HCT-116 cells after BCNU and Res 
combination treatment (Figure 3). FEN1 and PCNA lev¬ 
els decreased when the dose of Res increased, whereas tine 
level of APE remained almost constant during combina¬ 
tion treatment (Figure 3). The cell cycle regulatory protein 
p21 and PTEN increased, while CDC-2 decreased, after 
combined treatment for 48 h. PTEN is considered to be 
a cell cycle regulatory tumor suppressor protein, and an 
increase in PTEN expression indicates the anti-tumor 
property of the combined drug. Increased p21 expression 
during the combination treatment indicated negative cell 
cycle regulation. A decrease in CDC-2 expression also 
indicated negative regulation of the cell cycle. Thus, these 
experiments demonstrated that treatment with a combina¬ 
tion of BCNU and Res induced apoptosis in colon cancer 
cells by affecting cell cycle regulation and DNA dam¬ 
age/ repair. Therefore, this novel drug combination can be 
used for treating 5-FU resistant cells. 

Establishment of a 5-FU-resistant stable cell line 

The 5-FU-R cell line was further characterized by mea¬ 
suring the expression pattern of anti-apoptotic, cell cycle 
and DNA damage repair proteins, such as nuclear factor 
kappa-light-chain-enhancer of nuclear factor kB (NFkB), 
FLICE-like inhibitory protein (FLIP), casein kinase 1 
(CK1), disabled homolog 2 (DAB2), glycogen synthase 
kinase 3 beta (GSK-3(3), AKT, POLH, TS, POLp, 


DDB2, and FEN1, which were altered in stable cell line 
compared to normal HCT-116 cells (Figure 4). The ex¬ 
pression levels of AKT, NFkB, FLIP, POLH, GSK-3j3, 
POL-p, DDB2, and FEN1 were increased in comparison 
with HCT-116 cells. However, the levels of CK1 and 
DAB2 expressions decreased compared with HCT-116 
cells (Figure 4). Interestingly, widely established 5-FU 
resistance protein thymidylate synthase also increased in 
5-FU-R cells compared with HCT-116 cells (Figure 4). 

Cytotoxicity of the BCNU and Res combination in 
5-FU-R cells 

The experiments discussed above indicated that BCNU 
and Res combination significantly increased the sensitiv¬ 
ity of HCT-116 colon cancer cells. To determine the 
optimum concentration of the BCNU and Res combi¬ 
nation for cytotoxicity of 5-FU-R cells, an MTT assay 
was carried out. BCNU showed similar cytotoxic profile 
in 5-FU-R cells compared with HCT-116 cells (LCso 55 
pmol/L) (Figure 5A); however, it was noted that 5-FU 
resistant cells were more sensitive to Res compared with 
HCT-116 parental cells. The LCso of Res in 5-FU-R cells 
was 18 pmol/L, but was 35 pmol/L in HCT-116 cells 
(FigurelA vs Figure 5A). Interestingly, it was noted that 
there was little or no effect of 5-FU on 5-FU-R cells, 
even after treatment with 100 pmol/L for 48 h (Figure 
5A). This data suggests that 5-FU-R cells are resistant to 
5-FU, but sensitive to other chemotherapeutic drug, such 
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Figure 4 Characterization of 5-fluorouracil-resistant cells. The cell lysates 
of HCT-116 and 5-FU-R cells were immunoblotted using specific antibody. The 
lower panel shows the expression of p-actin, which was the loading control (to 
ensure the same amount of protein loaded in each lane). Data are the represen¬ 
tation of one of the replicates of three different experiments. CK1: Casein kinase 
1; FLIP: FLICE-like inhibitory protein; NFkB: nuclear factor kB; POL-p: DNA 
polymerase beta; POLH: DNA polymerase eta; protein Flap FEN1: Endonucle¬ 
ase 1; DDB2: DNA damage-binding protein 2; 5-FU: 5-fluorouracil; Res: Resve- 
ratrol; BCNU: 1,3-Bis(2-chloroethyl)-1 -nitrosourea; TS: Thymidylate synthase. 


as Res. 

A dose dependent decrease in cell viability was ob¬ 
served when increasing concentrations of Res were 
added to the 20 pmol/L BCNU pre-treated 5-FU-R cells 
(Figure 5B). Fifty percent cell death (LCso) was noticed 
when 8 pmol/L of Res was combined with 20 pmol/L 
of BCNU (Figure 5B) (P < 0.05). Interestingly, it was 
noted that lower concentrations of Res were needed to 
cause fifty percent cell death in 5-FU-R cells compared 
with HCT-116 cells (LCso for HCT-116 cells was 18 
pmol/L vs LCso for 5-FU-R cells was 8 pmol/L). Thus, 
it appeared that 5-FU-R resistant cells (Figure 5B) were 
more susceptible than HCT-116 cells (Figure 2B) to the 
BCNU and Res combination. 

Apoptosis of 5-FU-R cells was measured by DAPI 
nuclear staining after exposure to the optimum formula¬ 
tion (BCNU 20 pmol/L + Res 8 pmol/L), BCNU and 


Res. Although treatment with BCNU and Res alone 
caused cell death, increased cell death was observed by 
treatment with the combination compared with BCNU 
and Res alone (Figure 5C). However, Res alone caused 
more apoptosis than BCNU alone (Figure 5C). Figure 
5D shows the graphical representation of the number of 
apoptotic and non-apoptotic nuclei (P < 0.05). 

Combined effect of BCNU and Res caused increased 
DNA damage, and decreased cell cycle regulatory 
protein expression and apoptosis in 5-FU-R cells 

To elucidate the underlying mechanism of the sensitivity 
5-FU-R cells to the BCNU and Res combination, a series 
of experiments were carried out. To determine whether 
the BCNU and Res combination caused DNA damage, a 
comet assay was performed after treatment with BCNU 
20 pmol/L + Res 8 pmol/L for 48 h. The average 
comet length and number of comets increased with the 
combination treatment compared with BCNU and Res 
alone or untreated cells (Figure 6A). Figure 6B shows the 
average comet length, in pixels, of 5-FU-R cells treated 
with BCNU and Res alone and in combination [BCNU 
(20 pmol/L) +Res (8 pmol/L)] (P < 0.05). The average 
comet length almost doubled when 8 pmol/L of Res was 
combined with BCNU compared with BCNU alone. The 
percentage of apoptosis and cell cycle profile cells were 
also measured by FACS analysis after treatment with the 
combined drugs (Figure 6C). Increased accumulation of 
the G 2 /M (24%) population was noted after the BCNU 
treatment in comparison to Res (19.33%) and untreated 
cells (10%). Interestingly, the increase in G 2 /M popula¬ 
tion decreased when Res was combined with BCNU; 
however, the observed percentage of apoptosis (sub Gi) 
was as high as 70%. To further confirm the apoptosis 
and to determine the status of various protein biomark¬ 
ers, Western blotting was carried out. Figure 6D shows 
the expression patterns of apoptotic markers, such as 
cleaved product of PARP, BAX, CASPASE-3 and BCL- 
XL. The cleaved product of PARP and the BAX/BCL- 
XL ratio increased with increasing concentration of the 
combined drug. Cell cycle regulatory proteins, such as 
p21 and PTEN increased, while CDC-2 decreased after 
combined treatment for 48 h, indicating that this drug 
combination has adverse effect on cell cycle regulation 
in the 5-FU-R cells. Figure 6E represents the expression 
pattern of DNA repair proteins when treated with the 
combined drug and Res and BCNU alone. The levels of 
FEN1, POLH, DDB2 and POL-p were decreased in cells 
that were treated with BCNU and Res alone compared 
with the control, but the combination treatment showed 
a radical decrease in the levels of these proteins compare 
with the control and treatment with each drug alone 
(Figure 6E). Interestingly, the level of tumor suppressor 
and DNA repair protein APC was completely abolished 
after individual (BCNU and Res) treatment, but increased 
after combined drug exposure compared with untreated 
cells. This result clearly indicates that the BCNU and Res 
works additively or synergistically and their mode of ac- 
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Res 15 pmol/L 


BCNU 20 pmol/L + Res 8 pmol/L 



Figure 5 Anti-proliferative and apoptotic effect of 3-Bis(2-chloroethyl)-1-nitrosourea and/or resveratrol on 5-fluorouracil-R cells. A: Anchorage-dependent 
cell survival of 5-FU-R cells after treatment with 5-FU, Res and BCNU; B: Bar diagram representing the % viability of 5-FU-R cells after BCNU + Res exposure. Data 
are the mean ± SD of three different experiments, a P< 0.05 vs 20 pmol/L BCNU + 5 pmol/L Res; C P< 0.05 vs 20 pmol/L BCNU + 20 pmol/L Res; C: Apoptotic nuclei 
after DAPI staining. Images were taken using a fluorescent microscope (Nikon-Eclipse, Japan) at *40 magnification. An arrow indicates the apoptotic nuclei. Data are 
the representation of one of the replicates of three different experiments; D: A graphical representation of apoptotic nuclei, a P < 0.05 vs 20 pmol/L BCNU + 8 pmol/L 
Res. 5-FU: 5-fluorouracil; Res: Resveratrol; BCNU: 1,3-Bis(2-chloroethyl)-1 -nitrosourea. 


don was to modulate DNA damage/repair pathway. 

BCNU and Res synergistically increase the sensitivity in 
human colon cancer cells 

The above data showed that the BCNU and Res com¬ 
bination increased the sensitivity of colon cancer cells. 
To determine whether these two drug work additively or 
synergistically, we performed isobologram analysis. Fig¬ 
ure 6F shows the occurrence of a synergistic interaction 
of Res and BCNU in both the HCT-116 and 5-FU-R cell 
lines. The LCso value of the Res and BCNU in HCT-116 
cells were 30 and 60 pmol/L, respectively, but for the 
combination, fifty percent cell death occurred at 20 
pmol/L BCNU and 18 pmol/L Res (Figure 2B), which 
were much lower than dose of each individual drug (point 
Q). Point Q appeared below the lines, which suggested a 

[£ 
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synergistic interaction of these drugs. To further investi¬ 
gate the synergistic interaction of these drugs against the 
5-FU-R cells, the same isobologram was plotted using the 
LCso value of MTT data from Figure 5B. Interestingly, 
the fifty percent cell death (point P) with the combined 
drug appeared below the line, clearly indicating syner¬ 
gistic activity of BCNU and Res in 5-FU-R cells (Figure 
6F). 


DISCUSSION_ 

5-FU is widely used for the treatment of many types of 
cancers, including colorectal, breast, and cancers of the 
aerodigestive tract. Notably, 5-FU is routinely employed 
in the management of colorectal cancer via one of the 
two FDA-approved first line combinatorial chemothera- 
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Figure 6 1,3-Bis(2-chloroethyl)-1-nitrosourea and Res synergistically increased apoptosis in 5-fluorouracil-resistance cells. A: Comet assay. Images were 
taken using a fluorescent microscope (Nikon-Eclipse, Japan) at * 20 magnification. Data are the representation of one of the replicates of three different experiments; 
B: Bar diagram representing the average comet score of the treated and untreated 5-FU-R cells in pixels, as obtained from TriTek CometScore™ software. Data are 
the mean ± SD of three different experiments, a P< 0.05 vs 20 pmol/L BCNU; C: Regulation of cell cycle and apoptosis by BCNU, Res and their combination in 5-FU-R 
cells. Fluorescence-activated cell sorting analysis was done after the desired treatment and then the DNA content was measured by Cell Quest Software. Data are 
the representation of one of the replicates of three different experiments; D, E: Western blotting of 5-FU-R ceil lysate after treatment with BCNU and Res individually, 
as well as in combination. Glyceraldehyde-3-phosphate dehydrogenase was used as the loading control. Data are the representation of one of the replicates of three 
different experiments; F: Isobolograms for combinations of BCNU and Res in HCT-116 and 5-FU-R cells. The bold line represents the isobologram of BCNU and Res 
in HCT-116 and dotted lines represents the isobologram of BCNU and Res in 5-FU-R cells. The point P and Q represent the 50% cell death of the combined drug in 
case of 5-FU-R and HCT-116 cells, respectively. 5-FU: 5-fluorouracil; Res: Resveratrol; BCNU: 1,3-Bis(2-chloroethyl)-1-nitrosourea. 


py regimes, which involve intravenous administration of 
the fluorinated base analog 1 *"’ 111 . One problem with 5-FU 
treatment is that more than 50% of tumors demonstrate 
resistance to5-FU in the clinical setting. Thus, novel treat¬ 
ments are needed to treat these resistant tumors. Novel 
biological agents, such as the monoclonal antibodies Ce- 
tuximab (an epidermal growth factor receptor inhibitor) 
and Bevacizumab (a vascular endothelial growth factor 
inhibitor), have recently been shown to provide additional 
clinical benefit for patients with metastatic colorectal can¬ 
cer. However, these agents have demonstrated marginal 
results when treating resistant tumors 151 ’ 521 . 

During the past few decades, investigators have at¬ 
tempted to elucidate the mechanism underlying 5-FU 
resistance 110 ’ 12 '. Some investigators developed 5-FU re¬ 
sistant cell lines and studied their sensitivity to multiple 
chemotherapeutic agents by activation and inhibition of 
several signaling pathways' 53 ’ 541 . Unfortunately, none of 
these agents showed promising results. 

In the present report, we developed a new strategy for 
overcoming 5-FU resistance by establishing 5-FU-R cell 
lines and studying their sensitivity to a combination treat¬ 
ment with BCNU and Res. BCNU and Res display anti¬ 
cancer properties by inducing DNA damage, arresting 
cell cycle progression, inhibiting anti-apoptotic makers 
and autophagy' 13 ’” 81 . We have shown recently that moder¬ 
ately low concentration of 5-FU (0.5 pmol/L) increased 
chemoprevention potential of Res in colon cancer cells''. 
However, in that report we could not eliminate the prob¬ 
ability of 5-FU resistance because of presence of 5-FU. 
Thus, that cocktail will not be appropriate for the treat¬ 
ment of 5-FU resistance patients. In the present study, 
we treated the cells with BCNU and Res to increase 
the sensitivity of 5-FU resistant cell lines. Initially, we 


checked whether BCNU and Res combination increase 
the sensitivity of 5-FU sensitive HCT-116 cells. LCso 
was observed at 60 pmol/L BCNU and 35 pmol/L Res; 
however, the same amount of cell death was observed 
when 18 pmol/L Res was combined with 20 pmol/L 
BCNU. Reduction of both BCNU and Res concentration 
for fifty percent cell death revealed that BCNU and Res 
killed HCT-116 colon cancer cells synergistically (Figure 
IB). The isobologram data (Figure 6F) also support the 
synergistic action of BCNU and Res to kill colon cancer 
cells. 

Cell death associated with the synergistic effects of 
treating cells with a combination of BCNU and Res was 
further confirmed by multiple parameters, such as DAPI 
nuclear staining, comet assay, FACS analysis and measur¬ 
ing the expression patterns of several DNA damage/re- 
pair, cell cycle regulatory and apoptosis related protein 
biomarkers. Increased numbers of apoptotic nuclei after 
DAPI stain, average comet formation and comet length, 
percentage of sub Gi population were observed after 
combined treatment (BCNU + Res) in HCT-116 cells. 
An increased ratio of BAX/BCL-XL, cleaved product of 
PARP, tumor suppressor PTEN, cell cycle regulatory pro¬ 
tein p21, and CASPASE-3 were also noted in BCNU and 
Res combination. Thus, the data suggests that the BCNU 
and Res combination represents a potential treatment op¬ 
tion for 5-FU resistant colon cancer. 

We have developed a 5-FU resistant cell line from 
5-FU sensitive HCT-116 cells by continuous treatment 
with 5-FU. These cells were resistant to 5-FU, but sensi¬ 
tive to other chemotherapeutic agents, such as Res. The 
cell death effects of the BCNU and Res combination in 
the resistant cell lines were measured. MTT cell survival, 
DAPI nuclear staining and comet assays showed that the 
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BCNU + Res combination was highly effective to sen¬ 
sitize the 5-FU-R cells in comparison to individual com¬ 
pounds. They caused cell death synergistically. The FACS 
analysis showed approximately 70% cell death when 20 
pmol/L BCNU combined with 8 pmol/L Res (Figure 
6C). By contrast, approximately 60% cell death was 
observed when 20 pmol/L of BCNU combined with 
30 pmol/L Res in HCT-116 sensitive cells. Increased 
percentages (70% vs 60%) of apoptosis even at lower 
concentration of Res (8 pmol/L vs 30 pmol/L) indicated 
that Res was more effective to sensitize the 5-FU-R than 
HCT-116 cells when combined with BCNU. The expres¬ 
sion of PARP cleaved product and BAX/BCL-XL ratio 
increased with the combined treatment (BCNU + Res) in 
5-FU-R cells compared with Res and BCNU alone (Figure 
6D). Isobologram analysis also indicated that BCNU and 
Res also killed the 5-FU-R cells synergistically. 

To study the mechanism of action of the BCNU 
and Res combination, we have first analyzed whether 
the DNA damage/repair pathway was involved. Comet 
assays showed that the average comet length and comet 
formation increased in both 5-FU sensitive and resistant 
cell lines after treatment with the BCNU + Res combina¬ 
tion. Interestingly, a much lower concentration of Res 
(8 pmol/L) was needed to cause the same comet length 
in 5-FU-R cells compared with 5-FU sensitive cells (Res 
30 |imol/L) (Figure 2B vs Figure 6B). This observation 
suggests that Res was more effective in causing DNA 
damage in 5-FU-R cells than in 5-FU sensitive cells when 
associated with the same amount of BCNU. This data 
prompted us to check the level of DNA damage/re- 
pair related proteins after treatment with BCNU + Res 
in 5-FU-R cells. Interestingly, the major DNA repair 
proteins, such as FEN1, POLH, DDB2 and POL-p de¬ 
creased in case of combination treatment while the level 
of APC increased in comparison to the individual drug 
as well as untreated cells (Figure 6E). 

Multiple pieces of evidence indicate that the repair 
of apurinic/apyrimidinic (AP)-sites in DNA occurs 
through two sub-pathways of BER, which differ on the 
basis of repair gap size and the enzymes involved in 
these repair pathways 1551 . These sub-pathways are desig¬ 
nated as “single-nucleotide BER” or “short patch (SP)- 
BER” and “multinucleotide BER” or “long patch (LP)- 
BER”. In both pathways, repair is started by removal of 
a damaged base by a DNA glycosylase leaving an abasic 
(AP-site) DNA. The resulting AP sites are subsequently 
acted upon by an APE to generate a 3’ hydroxyl group 
and a 5’-deoxyribosephosphate (dRP) terminus. In SP- 
BER, Pol-p extends the 3’ terminus by a single nucleotide 
and removes the dRP moiety with its dRP lyase activity. 
Finally, the nick is sealed by DNA ligases 1 ’ 561 . However, 
the oxidized or reduced AP sites become resistant to 
P-elimination and cannot be excised by the dRP lyase 
activity of Pol-p. Then the modified AP-site is repaired 
via the LP-BER pathway, in which Pol-p, d or e incorpo¬ 
rates 2-15 nucleotides, displacing the strand containing 
the modified AP-site. Then, the DNA flap structure is 


cleaved by FEN1, and the nick is sealed by a DNA li- 
gase 157,581 . APC expression is induced in cancer cell lines 
upon exposure to DNA-damaging agents 139 ’ 40 ’ 59 ’ 601 , sug¬ 
gesting an interaction between APC and the DNA repair 
machinery. We have already shown that APC physically 
interacts with Pol-p, FEN1 and blocks BER by blocking 
strand-displacement synthesis and then DNA repair 139 ' 4 ” 1 . 
Increased levels of APC and decreased levels of Pol-p 
and FEN1 after combined treatment with BCNU + Res 
revealed that this cocktail kills cancer cells by inhibiting 
the BER pathway. Thus, the above result indicates that 
BCNU + Res in combination caused cell death through 
reduction of BER repair pathway. The possible cause of 
this effect might be activation of APC by the combina¬ 
tion but not the individual treatments. 

A new and emerging concept is to sensitize cancer 
cells to DNA-damaging agents by inhibiting various 
proteins in DNA repair pathways. Molecular docking or 
NMR studies identified small molecular weight inhibitors 
(SMIs) that target the BER pathway by inhibiting APE1 
and Pol-p activities 1611 . Although a number of Pol-p in¬ 
hibitors have been reported in recent years 161 ’ 621 , more po¬ 
tent and selective inhibitors are still needed. Since abasic 
DNA damage (which may also be caused by BCNU) can 
also be repaired by LP-BER, there is a need for agents 
that can block the LP-BER pathway as well, in which 
5’-flap endonuclease 1 (FEN1) plays a major role 1631 . 
FEN1 recognizes and removes the 5’-flap structure gen¬ 
erated by Pol-p during the strand-displacement synthesis. 
The removal of this flap is essential for the joining of the 
newly synthesized DNA strand with the parent strand 
by DNA ligase to complete the repair. Interestingly, the 
FEN1 level decreased after BCNU and Res combination 
in both cell lines, indicating that the BCNU + Res com¬ 
bination inhibited the removal of flap from the newly 
synthesized step in LP-BER. BCNU + Res might cause 
more DNA damage that could not be repaired by the 
cells because of a lack of sufficient FEN1. This would 
result in mutations accumulating within the cells, eventu¬ 
ally leading to apoptosis instead of survival. However, 
more study will be needed to understand the molecular 
mechanism involving the BER pathway triggered by the 
BCNU + Res combination. 

In conclusion, this study showed that a combination 
of BCNU and Res could be useful to overcome 5-FU re¬ 
sistance in colon cancer patients. BCNU and Res caused 
apoptosis in both the HCT-116 cells and 5-FU-R cells 
by inhibiting the base excision repair, especially via the 
FEN1 protein of the LP-BER pathway. These findings 
represent a novel concept for overcoming 5-FU resis¬ 
tance in colon cancer patients. 


COMMENTS 


Background 

Colon cancer is one of the most common causes of cancer-related death 
worldwide. 5-fluorouracil (5-FU) is a widely used chemotherapeutic drug for the 
treatment of colon cancer, but resistance to this drug is a barrier to successful 
chemotherapy. 
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Research frontiers 

1,3-Bis(2-chloroethyl)-1-nitrosourea (BCNU) is a synthetic drug commonly 
used to treat brain tumors as it can pass through the blood-brain barrier. BCNU 
is highly effective against cancer, but causes toxicity at very high concentra¬ 
tions. Resveratrol is a plant-derived compound used to treat various forms of 
cancer. Res has low toxicity and efficacy. Combining BCNU with resveratrol 
(Res) increases the efficacy of Res and reduces the toxicity of BCNU, making 
the combination an good tool to inhibit HCT-116 cells and overcome 5-FU re¬ 
sistance. Moreover, these drugs are DNA damage specific, resembling similar 
mechanism of action to that of 5-FU by reducing DNA repair components. 
Hence, these drugs were chosen for the combination therapy. 

Innovations and breakthroughs 

This report highlighted the importance of combination therapy, which surpassed 
the monotherapy involving BCNU and Res to inhibit the growth of HCT-116 
cells and overcome 5-FU resistance. This is the first study to report a combina¬ 
tion of BCNU and Res for the treatment of colon cancer and to overcome 5-FU 
resistance effectively. The authors reported the mechanism of action of the 
combined drug, i.e., inhibition of the DNA damage/repair pathway and arresting 
the cell cycle, thereby leading to apoptosis. The authors also reported that the 
drug to be more effective in the resistant cells than the normal cancer cells. 

Applications 

This study highlights the action of BCNU combined with Res, which could prove 
to be a major tool for the treatment of 5-FU sensitive/resistant colon cancer 
patients and could also be tested for its ability to overcome resistance to other 
drugs, as this cocktail had specificity towards drug resistant cells. 

Terminology 

BCNU is a common synthetic alkylating chemotherapeutic agent belonging to 
the family of haloethylnitrosoureas. Resveratrol is a polyphenolic phytoalexin 
widely available in plants, such as red grapes. 

Peer review 

The research work in this manuscript is about the tumor suppression action 
of BCNU in combination with resveratrol on 5-fluorouracil HCT-116 cell lines, 
which were made resistant to 5-FU on constant exposure of 5-FU. The study is 
interesting and well executed. The point is clearly made. 
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Abstract 

AIM: To investigate whether an ablative margin (AM) 
> 1.0 cm might reduce chance of recurrence for pa¬ 
tients with hepatocellular carcinoma (HCC) tumors 3.1 
to 5.0 cm in size, compared with an AM of 0.5-1.0 cm. 

METHODS: From October 2005 to December 2012, 
936 consecutive patients with HCC who received radio¬ 
frequency ablation were screened. Of these, 281 pa¬ 
tients, each with a single primary HCC tumor of 3.1 to 
5.0 cm in size on its greatest diameter, were included 
in the study. Based on the AM width, we categorized 
patients into the 0.5-1.0 cm group and the > 1.0 cm 


group. Local tumor progression (LTP)-free survival, 
intrahepatic distant recurrence (IDR)-free survival and 
overall survival (OS) rates were obtained using the 
Kaplan-Meier method. 

RESULTS: The 1-, 2-, 3-, 4-, and 5-year LTP-free sur¬ 
vival rates and IDR-free survival rates were significantly 
higher in the > 1.0 cm group compared with the 0.5-1.0 
cm group (97.5%, 86.3%, 73.6%, 49.5% and 26.4% 
vs 91.3%, 78.4%, 49.5%, 27.8%, and 12.8%; 95.1%, 
90.3%, 77.0%, 61.0% and 48.3% vs 95.2%, 85.9%, 
62.6%, 47.2% and 28.5%; P < 0.05). The 1-, 2-, 3-, 
4-, and 5-year OS rates were 98.6%, 91.5%, 69.2%, 
56.0% and 42.2%, respectively, in the 0.5-1.0 cm 
group and 100%, 98.9%, 90.1%, 68.7% and 57.4%, 
respectively, in the > 1.0 cm group {P = 0.010). There 
were no significant differences in complication rates be¬ 
tween the two groups. Both univariate and multivariate 
analyses identified AM as an independent prognostic 
factor linked to LTP, IDR, and OS. 

CONCLUSION: For HCC tumors > 3.0 cm and ^ 5.0 
cm, AM > 1.0 cm could reduce chances of recurrence 
compared with AM of 0.5-1.0 cm, emphasizing the 
need for a more defensive strategy using AMs > 1.0 cm 
for ablating HCC tumors of 3.1 to 5.0 cm. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved. 

Key words: Hepatocellular carcinoma; Radiofrequency 
ablation; Ablative margin; Recurrence; Survival 


Core tip: Recurrence is the most important factor for 
prognosis of hepatocellular carcinoma (HCC) after ra¬ 
diofrequency ablation. Although a sufficient ablative 
margin (AM) is an essential way to minimize recur¬ 
rence risk, the optimal AM for HCC tumors 3.1 to 5.0 
cm remains controversial. This study provides evidence 
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that, for HCC tumors 3.1 to 5.0 cm, AMs > 1.0 cm 
could reduce chance of recurrence compared to AMs 
of 0.5-1.0 cm, which emphasizes the need for more 
strategic AMs that are > 1.0 cm for ablation of HCC 
tumors of 3.1 to 5.0 cm. 


Ke S, Ding XM, Qian XJ, Zhou YM, Cao BX, Gao K, Sun WB. 
Radiofrequency ablation of hepatocellular carcinoma sized > 
3 and ^ 5 cm: Is ablative margin of more than 1 cm justified? 
World J Gastroenterol 2013; 19(42): 7389-7398 Available from: 
URL: http://www.wjgnet.com/1007-9327/full/vl9/i42/7389.htm 
DOI: http://dx.doi.org/10.3748/wjg.vl9.i42.7389 


INTRODUCTION 

Radiofrequency (RF) ablation is accepted as a potentially 
curative treatment modality for hepatocellular carcinoma 
(HCC) at an early stage when transplantation and resec¬ 
tion are precluded 11 " 1 . Local tumor progression (LTP) 
and intrahepatic distant recurrence (IDR) have been re¬ 
peatedly found to be the most important prognostic fac¬ 
tors, with the incidence rates of 2%-53% and 43%-53%, 
respectively 11 ' 15| . LTP that occurs after complete RF 
ablation is widely considered to result from residual 
tumor cells in the peritumoral area, which contains mi- 
crovascular invasion and satellite micronodules due to 
an insufficient ablative margin (AM), although there is a 
possibility of de novo occurrence at the site. Pathogenesis 
of IDR is thought to result from intrahepatic metastasis 
of the primary tumor, viable residual tumor or an HCC 
of multicentric origin 16,71 . Therefore, a sufficient AM 
that encompasses both the main tumor and the area of 
adjacent parenchyma containing microvascular invasion 
or satellite micronodules, should theoretically ensure 
pathologically complete ablation, and would thus be an 
essential way to minimize risk of LTP and IDR 18 ’ 91 . 

The optimal safe AM for HCC is controversial 13 ' 1 "' 1 - 1 . 
Accumulating data have demonstrated that recurrence 
rates, such as LTP rates, differ greatly for tumors of vari¬ 
ous sizes but similar AMs 1 ’' 1 ’ 1 . For HCCs ^ 3.0 cm, the 
3-year LTP rates for patients treated by RF ablation with 
AMs of 0.5-1.0 cm are reportedly 10%-20% 13,14 " 171 . How¬ 
ever, for HCC tumors 3.1 to 5.0 cm treated with AMs of 
0.5-1.0 cm, the 3-year LTP rates were as high as 39% [1S1 . 
This can be well explained by the data from histopatho- 
logical investigations on both the scope of peritumoral 
microvascular invasion and satellite micronodules and 
the incidence rate between HCCs ^ 3.0 cm and those > 
3.0 cm 119,201 . Only 14.5%-19% of single small HCC (% 3.0 
cm) reportedly have satellite micronodules, located with¬ 
in 1.0 cm from the main tumor 1 - 11 . In contrast, for HCC 
tumors 3.1 to 5.0 cm, 26.3%-36.9% had peritumoral sat¬ 
ellite micronodules, located more than 1.0 cm from the 
main tumor in most cases 171 . These data indicate that for 
HCCs ^ 3.0 cm, AMs of 0.5-1.0 cm are likely to remove 
most peritumoral lesions. However, for HCC tumors 3.1 


to 5.0 cm, AMs of % 1.0 cm seem insufficient to ensure 
pathological complete tumor clearance in most cases. 

Although the idea that AMs >1.0 cm would be more 
likely to completely delete tumor tissues seems intuitively 
logical, no study to date has been conducted to deter¬ 
mine the optimal AM for HCC tumors 3.1 to 5.0 cm. 
Based on the experience of the surgical requirement of 
a tumor-free margin ^1.0 cm wide 171 , we supposed that 
for HCC tumors 3.1 to 5.0 cm, AMs >1.0 cm might 
reduce chance of recurrence compared with AMs of 
0.5-1.0 cm. Therefore, the purpose of this study was to 
elucidate the survival benefit of AMs wider than 1.0 cm 
for HCC tumors 3.1 to 5.0 cm. 


MATERIALS AND METHODS 

Patients 

To determine whether AMs >1.0 cm in RF ablation for 
HCC tumors 3.1 to 5.0 cm might greatly reduce chance 
of recurrence compared with AMs of 0.5-1.0 cm, a 
prospective cohort study was performed. From October 
2005 to December 2012, 936 consecutive patients with 
HCC received RF ablation at the Department of Hepa¬ 
tobiliary Surgery, Beijing Chao-yang Hospital Affiliated 
to Capital Medical University, China. Among them, 327 
patients suffered from a single primary HCC tumor each, 
3.1 to 5.0 cm in diameter. Written informed consent was 
obtained from all patients. The study was approved by 
the investigation and ethics committee of Beijing Chao- 
yang Hospital, Capital Medical University according to 
the standards of the Declaration of Helsinki. 

Among the 327 HCC patients, 291 who met the in¬ 
clusion criteria were enrolled in this study. The inclusion 
criteria were (1) a single primary HCC tumor 3.1 to 5.0 
cm at its greatest diameter on preoperative investiga¬ 
tions; (2) no other therapy prior to RF ablation except 
for trans-arterial chemoembolization (TACE); (3) getting 
imaging-complete ablation with AM ^ 0.5 cm after RF 
ablation; (4) no other therapy in the period of follow-up 
except for RF ablation or TACE for LTP or IDR; and (5) 
complete follow-up data. The exclusion criteria were (1) 
extrahepatic metastasis before LTP or IDR; and (2) fol¬ 
low-up period less than 6 mo. A total of 10 patients were 
excluded from the study for developing extrahepatic me¬ 
tastasis before LTP or IDR (n - 7), or follow-up period 
less than 6 mo (n — 3). The remaining 281 patients were 
included in this study (Table 1). There were 195 men and 
86 women. Their median age was 52 years (range, 24-88 
years). Of these, 231 (82.2%) were positive for serum 
hepatitis B virus surface antigen, 18 (6.4%) positive for 
serum HCV antibody, and 2 (0.7%) positive for both. 
Liver cirrhosis was observed in 92 patients (32.4%). In 
126 of the 281 patients, preoperative diagnosis of HCC 
was histologically confirmed by needle biopsy under CT 
guidance. In the remaining 155 patients, HCC was estab¬ 
lished on the basis of compatible radiological features in 
contrast-enhanced multiphase helical CT scan and dy¬ 
namic contrast-enhanced MRI. The median diameter of 
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Table 1 Comparison of patient clinical characteristics be' 


tween the 0.5-1.0 cm group and the 

> 1.0 cm group 

" (%) | 

Variable 

0.5-1.0 cm group 

0 n = 158) 

> 1.0 cm group 
(n = 123) 

P value' 

Age (yr) 

52 (24-88) 

51 (27-84) 

0.467 

Gender 

Male/female 

109 (69.0)/49 (31.0) 

86 (69.9J/37 (30.1) 

0.873 

Pre-existing hepatitis 

Hepatitis B 

125 (79.1) 

106 (86.2) 

0.133 

Hepatitis C 

13 (8.2) 

5(4.1) 

0.161 

Hepatitis B and C 

1 (0.6) 

1 (0.8) 

0.859 

Child-Pugh grade 

Class A/class B 

78 (49.4)/80 (50.6) 

58 (47.2)/65 (52.8) 

0.754 

Liver cirrhosis 

Yes/No 55 (34.8)/103 (65.2) 

Serum a-fetoprotein level (ng/ mL) 

37 (30.1J/86 (69.9) 

0.417 

<20 

17 (10.8) 

11 (8.9) 

0.622 

20-200 

116 (73.4) 

93 (75.6) 

0.681 

>200 

25 (15.8) 

19 (15.4) 

0.938 

Tumor location 

S2,S3,S4,S6,S7/ S5,S8 

73 (46.2)/85 (53.8) 

56 (45.5)/67 (54.5) 

0.923 

Biochemical analysis 

AST (IU/L) 

46.5 (11.3-235.2) 

46.1 (12.1-202.7) 

0.793 

ALT (IU/L) 

48.4 (15.6-240.0) 

47.9 (13.8-212.4) 

0.560 

Alb (g/dL) 

3.7 (2.9-4.2) 

3.6 (2.8-4.2) 

0.460 

T-Bil (mg/dL) 

0.9 (0.7-1.4) 

0.9 (0.6-1.4) 

0.594 

ALP (IU/L) 

83.5 (7.7-376.6) 

84.2 (8.1-284.8) 

0.744 

PT (%) 

80.5 (58-100) 

83.0 (59-100) 

0.262 

AFP (ng/mL) 

83.2 (6.3-1301.9) 

82.5 (5.4-750.7) 

0.849 

Tumor 

4.1 (3.1-5.0) 

4.1 (3.3-5.0) 

0.652 

diameter(cm) 

No. of ablation sessions before getting AM > 0.5 cm 


1 session/2 sessions 
Approaches of the 

115 (72.8)/43 (27.2) 

99 (80.5)/24 (19.5) 

0.143 

0.978 

first ablation session 

Percutaneous 

121 (76.6) 

94 (76.4) 


Laparoscopic 

37 (23.4) 

29 (23.6) 


Open 

0(0) 

0(0) 



Values presented as absolute numbers (percent of cases) or median (range). 
1 Fisher , s exact test or Mann-Whitney U test. AFP: a-fetoprotein; Alb: 
Albumin; ALP: Alkaline phosphatase; ALT: Alanine aminotransferase; 
AM: Ablative margin; AST: Aspartate aminotransferase; PT: Prothrombin 
time; T-Bil: Total bilirubin. 

the HCC nodules was 4.1 cm (range: 3.1-5.0 cm). Tumor 
location was described according to Couinaud segmen¬ 
tal anatomic classification. Liver function was classified 
according to the Child-Pugh classification. In all, 136 
(48.4%) and 145 (51.6%) showed Child-Pugh classes A 
and B, respectively. Randomization was not performed 
in this study. The aim of this study was explained to all 
of the approved patients in advance, and safe AMs >1.0 
cm were tried in all patients, although AMs of =? 0.5 cm 
are routinely considered adequate. On the basis of their 
AMs, we categorized patients into 2 groups: the 0.5-1.0 
cm group and the >1.0 cm group. Their demographic 
characteristics are shown in Table 1. The treatment algo¬ 
rithm of the present study is depicted in Figure 1. 

TACE 

In the study, TACE was performed in all patients, both 
for radiological assessment of AMs, and for oncological 
purposes, 2-3 wk before RF ablation by two interven¬ 



Figure 1 Flow diagram of the enrollment and follow-up. A total of 281 pa¬ 
tients met the inclusion criteria. HCC: Hepatocellular carcinoma; RF: Radiofre¬ 
quency; TACE: transcatheter arterial chemoembolization; AM: Ablative margin. 

tional radiologists (YM Zhou and K Gao) with a stan¬ 
dard regimen. TACE was performed through the femo¬ 
ral artery using the technique of Seldinger under local 
anesthesia 1 '"'" 1 by injecting 6-10 mL of an emulsion of io¬ 
dized oil (Lipiodol; Aulnay-Sous-Bois, France) and 20-40 
mg of epirubicin hydrochloride (Zhejiang Haizheng, 
China) into the tumor feeding arteries. The selected 
doses of iodized oil and anticancer drug were individu¬ 
ally based on the patient’s liver function and tumor size. 
Injection was discontinued upon full accumulation of 
iodized oil into the tumor vessels. No gelatin sponge was 
used after TACE. 

RF ablation 

A percutaneous approach was most commonly preferred 
in this study. Laparoscopic RF ablation was considered 
in the presence of the following: (1) tumors on the liver 
edge or surface, protruding out of the liver; (2) tumors 
located in the left lobe, under the bottom of the heart, 
for which percutaneous RF ablation might cause heart 
injury; or (3) tumors close to visceral organs, such as the 
gallbladder, small and large bowels, and stomach. If oth¬ 
er intra-abdominal procedures were planned, then open 
RF ablation was used. 

Percutaneous RF ablation was performed under CT 
guidance (GE Yokogawa Medical Systems Ltd, Tokyo, 
Japan). To ensure the safety and tolerance of patients, 
each patient had respiratory control with a tracheal tube 
or a laryngeal mask airway under intravenous anesthesia 
during RF ablation procedure. This relatively more in¬ 
vasive protocol also helped improve targeting accuracy 
by providing a transient stop of respiration at end ex¬ 
piratory status during the procedures of planning and 
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Figure 2 Three-dimensional computed tomography for radiofrequency ablation imaging in a patient with hepatocellular carcinoma. A: The computed to¬ 
mography (CT) images prior to the second radiofrequency (RF) ablation; B: The CT images after the second RF ablation. 1: Axial plane; 2: Coronal plane; 3: Sagittal 
plane. The ablative margin is < 0.5 cm prior to the second RF ablation, and it has been ablated to 3= 0.5 cm after the second RF ablation. Black arrow indicates the 
shortest width of the area of low density outside the iodine stained tumor. 


targeting. Laparoscopic RF ablation and open RF abla¬ 
tion were performed with laparoscopic and open surgery 
techniques as usual with laparoscopic and intraoperative 
ultrasonographic assistance. All RF procedures in this 
study were performed using either a 15-gauge multitined 
electrode (Starburst XL; RITA Medical Systems, Man¬ 
chester, GA, United States) or Cool-tip ACTC2025 or 
ACTC1525 electrodes, and an RF generator (RITA 1500; 
RITA Medical Systems Inc, Manchester, GA, United 
States or Covidien Healthcare, Ireland), according to 
their respective manufacturers’ protocols. For patients 
treated with multitined expandable electrodes, when 
needle arrays are introduced into the tumor and posi¬ 
tioned satisfactorily, the RF generator produces RF en¬ 
ergy and maintains an average temperature of 105°C. A 
series of arrays, radiating from the central hollow probe, 
are pushed forward and unfolded gradually to 3, 4, or 5 
cm until they reach the borders of the tumor. RF energy 
is delivered at 5-min intervals until the output power 
drops below 30 W in the final step of the procedure. For 
patients treated with Cool-tip electrodes, the RF gen¬ 
erator (Covidien Healthcare, Ireland) was used. Unlike 
the RITA electrode, the Cool-tip electrode is straight, 
without arrays. With a 2.5 cm exposed tip, the Cool-tip 
electrodes can produce ablation zones of 4.5 cm with a 
single placement of electrodes and a maximum power 
of 200 W Also, the Cool-tip RF generator continuously 
monitors tissue impedance throughout the procedure 


and adjusts the output accordingly. For this applica¬ 
tion, the ablation protocol was preset to the automatic 
mode, and ablation usually was carried out for 15 to 20 
min, which was a little bit longer than that suggested in 
the manufacturer’s protocol, with the intent of attain¬ 
ing a satisfactory degree of tumor collapse. Cold saline 
continuous irrigation of the needle was provided with 
an external pump. In the clinical settings, we selected 
the type of electrode depending on the size, geometry 
and location of the index tumor. A multiple-overlapping 
ablation technique was adopted for pursuing AMs ^ 
0.5 cm. Electrode track ablation technique was also per¬ 
formed to minimize post-procedural bleeding and tumor 
seeding. 

Post-treatment assessment 

For post-treatment evaluation, contrast-enhanced CT 
scans were performed 1 mo after the procedure in all 
cases. The initial unenhanced CT acquisition was fol¬ 
lowed by enhanced acquisitions obtained at 30 and 70 
s after the bolus administration of intravenous contrast 
material. The contrast agent used was 100 mL iopamidol 
(Iopromide Injection, Bayer Schering Pharma, Guang¬ 
zhou, China). Any contrast-enhancing areas beyond the 
margin of the ablation zone on post-ablation CT indicat¬ 
ed incomplete tumor ablation. Additional sessions were 
scheduled for ablation of residual tumors. The diagnosis 
and treatment procedures were repeated until imaging 
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Table 2 Comparison of the recurrence pattern between the 
0.5-1.0 cm group and > 1.0 cm group n (%) 

Recurrence 

pattern 

0.5-1.0 cm group 
(n = 158) 

> 1.0 cm group 
(n = 123) 

P value' 

LTP only 

74 (46.8) 

39 (31.7) 

0.01 

IDR only 

34 (21.5) 

22 (17.9) 

0.45 

LTP + IDR 

38 (24.1) 

16 (13.0) 

0.02 

Total LTP 

112 (70.9) 

55 (44.7) 

< 0.001 

Total IDR 

72 (45.6) 

38 (30.9) 

0.012 


1 Fisher's exact test. IDR: Intrahepatic distant recurrence; LTP: Local tumor 
progression. 


complete ablation was achieved (Figure 1). 

Evaluation of ablative margin 

Three-dimensional reconstructions of CT images were 
made before and after RF ablation (Figure 2). To define 
the AM as accurate as possible, we performed qualita¬ 
tive side-by-side comparison of CT scans obtained 
before and after RF ablation. Two radiologists (Cao BX 
and Qian XJ) who were blind to the results of quantita¬ 
tive analysis assessed in consensus whether an AM of 
0.5-1.0 cm or > 1.0 cm was achieved in each case. For 
this analysis, the adjacent hepatic vessels or the hepatic 
capsule were used to facilitate comparison. The varia¬ 
tion between the two radiologists’ findings was < 5%. 
In the evaluation, the AM was defined as the narrowest 
width of the area of low density outside the iodine stain 
(Figure 2). When the iodine stain in the tumor was not 
uniform, measuring AM was more difficult. In such in¬ 
stances, when the radiologists did not concur (n = 11), 
we compared carefully the imaging data before and after 
RF ablation, outlined the contours of the tumor in this 
area and measured AM according to the tumor contour 
rather than the edge of the iodine stain. 

Follow-up 

The follow-up protocol mainly included routine physical 
examination, laboratory tests, and measurement of AFP 
levels every month, as well as dynamic CT studies every 
2 or 3 mo. Definitions are based on the standardization 
by the International Working Group on Image-Guided 
Tumor Ablation 1231 . LTP was defined by the presence of 
a nodular lesion that was enhanced during the hepatic 
arterial phase and washed out by the delayed phase, and 
was found along the peripheral margin of the low-atten¬ 
uated ablative zone. IDR was defined by a lesion with 
similar characteristics but not in contact with the original 
ablation zone in the liver. Overall survival (OS), defined 
as the interval between date of initial therapy and date 
of death or the last follow-up examination for living pa¬ 
tients, was also evaluated. 

In cases of LTP or IDR, other supplemental exami¬ 
nations like hepatic DSA, Lipiodol CT of the liver, CT 
of the chest and lower abdomen, and bone scintigra¬ 
phy were performed for other potential tumor nodules. 


When LTP or IDR was confirmed, patients were hospi¬ 
talized as soon as possible. Basically, repeat RF ablation 
treatment cycles were administered for LTP and IDR of 
4 nodules. Five or more IDR nodules, or nodules in 
unsuitable locations for RF ablation, were treated with 
TACE. TACE was performed through the femoral ar¬ 
tery using the aforementioned technique. 

Complications 

Major complications were assessed on the basis of the 
previously described guideline for image-guided tumor 
ablation^’ 1 . Complication rates were evaluated for the 
total number of ablation sessions. We defined a major 
complication as an event that led to substantial morbid¬ 
ity and disability, increased the level of care required, re¬ 
sulted in hospital admission, or substantially lengthened 
the hospital stay. All other complications were consid¬ 
ered minor. 

Statistical analysis 

Continuous data are expressed as median and range. 
Comparisons were made with the Mann-Whitney U test. 
Categorical data were compared using the Fisher’s exact 
test. Rates of LTP-free survival, IDR-free survival and 
OS rates were calculated by the Kaplan-Meier method 
and compared using the log-rank test. Risk factors for 
LTP, IDR and overall survival were evaluated by univari¬ 
ate analyses using Cox regression tests. If multiple risk 
factors were shown to be significant by this test, we per¬ 
formed multivariate analysis using Cox regression tests 
to identify independent prognostic factors for LTP, IDR 
and OS. All statistical analyses were performed using the 
SPSS 15.0 statistical software (SPSS Inc., Chicago, Il¬ 
linois, United States). All reported Rvalues were 2-sided. 
P < 0.05 was considered statistically significant. 


RESULTS 

LTP-free survival 

During the follow-up, LTP was found in 112 (70.9%) of 
158 patients in the 0.5-1.0 cm group and in 55 (44.7%) 
of 123 patients in the >1.0 cm group (P < 0.001) (Table 
2). The rates of LTP-only and total LTP in the 0.5-1.0 
cm group (46.8% and 70.9%, respectively) were signifi¬ 
cantly higher than those in the >1.0 cm group (31.7% 
and 44.7%, respectively, P = 0.010 and < 0.001, respec¬ 
tively). The 1-, 2-, 3-, 4-, and 5-year LTP-free survival 
rates were 91.3%, 78.4%, 49.5%, 27.8% and 12.8%, 
respectively, in the 0.5-1.0 cm group and 97.5%, 86.3%, 
73.6%, 49.5% and 26.4%, respectively, in the >1.0 cm 
group (Figure 3A), and differed significantly between the 
two groups (P = 0.001). 

IDR-free survival 

During the follow-up, IDR was found in 72 (45.6%) 
of 158 patients in the 0.5-1.0 cm group and 38 (30.9%) 
of 123 patients in the > 1.0 cm group (Table 2). There 
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Figure 3 Kaplan-Meier analysis between the 0.5-1.0 cm group and the > 1.0 
cm group. A: The local tumor progression-free survival rates; B: The intrahe- 
patic distant recurrence-free survival rates; C: The overall survival rates. 


was no significant difference in the rates of IDR-only 
between the 0.5-1.0 cm group and the >1.0 cm group 
(21.5% vs 17.9%, P = 0.450). However, the rates of total 
IDR in the 0.5-1.0 cm group was significantly higher 
than those in the >1.0 cm group (45.6% vs 30.9%, P = 
0.012). The 1-, 2-, 3-, 4-, and 5-year IDR-free survival 
rates were 95.2%, 85.9%, 62.6%, 47.2% and 28.5%, re¬ 
spectively, in the 0.5-1.0 cm group and 95.1%, 90.3%, 
77.0%, 61.0% and 48.3%, respectively, in the >1.0 cm 
group (Figure 3B); the two groups differed statistically (P 


= 0 . 010 ). 

OS rates 

As of December 2012 (with a median follow-up of 
38.2 mo), 203 patients (72.2%) remained alive, and 78 
(27.8%) had died, including 55 patients in the 0.5-1.0 cm 
group and 23 patients in the >1.0 cm group. The cause 
of death was HCC in 58 patients (74.4%), liver failure 
in 7 (9.0%), upper gastrointestinal bleeding in 3 (3.8%), 
causes unrelated to liver disease in 4 (including 3 patients 
who died of cardiovascular disease and 1 of cerebral 
hemorrhage; 5.1%), and undetermined causes in 6 pa¬ 
tients (who died in emergency situations at other hospi¬ 
tals without definite diagnoses related to death; 7.7%). 
The 1-, 2-, 3-, 4-, and 5-year OS rates were 98.6%, 
91.5%, 69.2%, 56.0% and 42.2%, respectively, in the 
0.5-1.0 cm group and 100%, 98.9%, 90.1%, 68.7% and 
57.4%, respectively, in the >1.0 cm group (Figure 3C); 
the two groups differed significantly (P = 0.010, log-rank 
test). 

Safety (complications) 

No procedure-related death was observed. Major com¬ 
plications were observed in 5 (1.8%) of 281 patients. Of 
these, 2 patients in the 0.5-1.0 cm group and 1 patient 
in the >1.0 cm group developed pneumothorax when 
laparoscopic RF ablation was performed. During the 
laparoscopic surgery, the presence of pneumothorax 
was confirmed immediately after the puncture of the RF 
probe. All of the pneumothorax was successfully treated 
by chest tube placement at the end of the operation. 
One patient in the 0.5-1.0 cm group suffered an intra¬ 
abdominal hemorrhage. He responded to transfusion 
of 2 units of packed red blood cells and required no 
other intervention. Two patients in the >1.0 cm group 
developed hemopneumothorax and recovered from 
chest tightness and chest tube placement. Minor compli¬ 
cations, including asymptomatic right pleural effusion, 
were noted within 3 d of the procedures in 13 patients 
of the 0.5-1.0 cm group and 15 patients of the >1.0 cm 
group (0.5-1.0 cm group vs > 1.0 cm group, P = 0.271); 
however, none of these patients required interventional- 
drainage procedures. 

Factors associated with LTP, IDR, and OS 

Using univariate analysis, the tumor size (4.1-5.0 cm, P 
= 0.005), AM (> 1.0 cm, P = 0.003), AFP (> 200 ng/ 
mL, P = 0.028), and number of ablation sessions for 
imaging complete ablation (CA, 2 sessions, P = 0.031) 
were found to be significant factors for predicting LTP, 
IDR, and OS (Table 3). In multivariate analyses of the 
4 factors that were found to be significant in univariate 
analysis, the hazard ratios (HRs) for tumor size, AM, 
AFP, and number of ablation sessions for imaging CA 
are detailed in Table 4. Only the AM was found to be a 
significant independent factor linked to LTP, IDR, and 
OS. 
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Table 3 Significant variables in the univariate analysis for local tumor progression, intrahepatic distant recurrence, and overall 
survival (n = 281) 

Significant variable 

n 

LTP 

P value 1 

IDR 

OS 

Age (> 65 yr), yes/no 

123/158 

0.376 

0.282 

0.103 

Gender (male), yes/ no 

195/76 

0.571 

0.436 

0.854 

Liver cirrhosis, yes/no 

92/189 

0.469 

0.645 

0.912 

Child-Pugh grade (Class B), yes/no 

145/136 

0.173 

0.742 

0.811 

Tumor location (S5,S8), yes/no 

152/129 

0.537 

0.488 

0.635 

Tumor size (4.1-5.0 cm), yes/no 

154/127 

0.007 

0.011 

0.005 

AM (> 1.0 cm), yes/no 

123/158 

0.001 

0.024 

0.003 

AST (> 40 IU/L), yes/no 

166/115 

0.658 

0.586 

0.879 

ALT (> 40 IU/L), yes/no 

157/124 

0.672 

0.460 

0.734 

ALP (> 110 IU/L), yes/no 

120/161 

0.385 

0.473 

0.581 

Alb (> 3.5 g/ dL), yes/no 

202/79 

0.622 

0.564 

0.838 

T-Bil (> 1 mg/ dL), yes/no 

93/188 

0.541 

0.502 

0.796 

PT (> 70%), yes/no 

216/65 

0.336 

0.573 

0.636 

AFP (> 200 ng/mL), yes/no 

44/237 

0.016 

0.032 

0.028 

Post-RF ablation antiviral therapy, yes/no 

86/195 

0.275 

0.547 

0.201 

Body mass index (> 25 kg/m 2 ), yes/no 

83/198 

0.611 

0.582 

0.913 

No. of ablation sessions before getting AM ^ 0.5 cm (2 sessions), yes/no 

67/214 

0.034 

0.041 

0.031 

Approaches of the first ablation session (Laparoscopic), yes/no 

66/215 

0.459 

0.383 

0.728 


'Cox regression analysis. AFP: a-fetoprotein; Alb: Albumin; ALP: Alkaline phosphatase; ALT: Alanine aminotransferase; AM: Ablative margin; AST: 
Aspartate aminotransferase; IDR: Intrahepatic distant recurrence; LTP: Local tumor progression; OS: Overall survival; PT: Prothrombin time; T-Bil: Total 
bilirubin. 


Table 4 Significant variables in the multivariate analysis for local tumor progression, intrahepatic distant recurrence, and overall 
survival (n = 281) 


Significant variable 


LTP 



IDR 



OS 



HR 

95%CI 

P value 1 

HR 

95%CI 

P value 1 

HR ratio 

95%CI 

P value 1 

Tumor size (4.1-5.0 cm), yes/no 

1.032 

0.521-1.376 

0.475 

0.891 

0.452-1.602 

0.744 

0.882 

0.673-1.572 

0.084 

AM (> 1.0 cm), yes/ no 

1.484 

0.101-1.812 

0.001 

1.278 

1.137-1.729 

0.025 

1.604 

0.881-2.753 

0.002 

AFP (> 200 ng/mL), yes/no 

0.947 

0.540-1.050 

0.531 

0.509 

0.370-1.215 

0.546 

1.007 

0.639-1.158 

0.748 

No. of ablation sessions before getting AM ^ 0.5 cm 
(2 sessions), yes/ no 

1.012 

0.683-1.772 

0.663 

0.923 

0.562-1.218 

0.347 

0.745 

0.321-.431 

0.325 


1 Cox regression analysis. LTP: Local tumor progression; IDR: Intrahepatic distant recurrence; OS: Overall survival; AFP: a-fetoprotein; AM: Ablative 
margin. 


DISCUSSION 

Over the past years, the rapid development and refine¬ 
ment of RF ablation technology has led to increasing use 
of this treatment modality in HCC patients 1-41 . Extensive 
clinical studies support RF ablation as a preferred treat¬ 
ment for very early HCC 1- ’ 1 . However, tumor recurrence, 
including LTP and IDR, frequently occurs, affecting the 
prognosis. Furthermore, rapid tumor progression after 
RF ablation, which may mostly be associated with the 
progression of residual HCC, has been gaining increas¬ 
ing attention 1- ’’ -J] . These experimental data indicated that 
any residual tumors might be a disaster for individual 
HCC patients who received RF ablation. Thus, we 
should try to remove microvascular invasions and satel¬ 
lite micronodules around the main tumor of HCC to 
decrease the likelihood of residual tumor, the incidence 
rates of LTP, IDR and the rapid tumor progression. 

From perspective of pathological clearance of the 
tumor tissue, AMs should be as wide as possible. How¬ 


ever, correctly obtaining a sufficient AM around all sides 
of a tumor of medium size is not easy. Specifically, to 
get a 1.0-cm AM for lesions sized 3.0, 4.0 and 5.0 cm in 
diameters, the volumes of peritumoral tissue to ablate 
are 3.6, 2.4 and 1.7 times, respectively, the volume of 
the main tumor 131 ' 1 . A little increase of the dimension of 
the ablation zone means a tremendous increase of the 
amount of ablation tissue. For example, if we increase 
the AM from 1.0 to 1.5 cm for a lesion of 4.0 or 5.0 cm 
in diameter, respectively, the amounts of tissue to ablate 
will be theoretically increased by as much as 58.8% and 
49.3% respectively, and this does not take into account 
the increased difficulty and time to accomplish it. So we 
should balance the perfect AM standard against its fea¬ 
sibility in clinical practice. As a compromise settlement, 
we take an AM of more than 1.0 cm as a minimum re¬ 
quirement for HCC nodules of 3.1 to 5.0 cm. 

Although an AM >1.0 cm cannot guarantee that all 
peritumoral tumor tissues are ablated in all cases, 2 ways 
can be used to compensate for the conservativeness 
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of this standard. First, there may be some decrease in 
the size of the ablation zone due to tissue healing and 
scar formation when measured 1 mo after ablation and 
the real AM might be underestimated in some extent. 
Second, in our performance of RF ablation treatment, 
we took an AM of more than 1 cm thick as the least re¬ 
quirement and tried to make it as wide as possible. 

The precise evaluation of AM after RF ablation is 
rather difficult, especially for HCC lesions of medium 
size or larger which did not get TACE/trans-arterial em¬ 
bolization (TAE) pretreatment 1 2 3 ’ 1 . First, AM area is not 
clearly visualized on images because both the ablated tu¬ 
mor and AM appear as areas that lack contrast enhance¬ 
ment. Second, AMs around tumors are usually not sym¬ 
metrical and the measurement of AM by subtracting the 
diameter of the index tumor from that of ablation zone 
is not as precise as expected. So in the present study, all 
enrolled patients received TACE pretreatment, aiming to 
facilitate the evaluation of AM as precise as possible. 

We demonstrated that tumor size, AM, AFP, and 
number of ablation sessions before getting an AM >1.0 
cm were significant risk factors for LTP, 1DR, and OS 
of F1CC after RF ablation, using univariate analysis. Our 
results were in line with those of previous studies on 
risk factors related to recurrence of HCC after RF abla¬ 
tion 111 "'l However, only AM was found to be a signifi¬ 
cant independent factor linked to LTP, IDR, and OS of 
HCC after RF ablation using multivariate analysis. These 
findings confirmed that AMs >1.0 cm are an important 
predictive factor for recurrence of HCC tumors 3.1 to 
5.0 cm after RF ablation. It is easy to understand that 
an AM >1.0 cm can reduce rates of LTP and IDR and 
eventually increase OS rate. An AM >1.0 cm can lead to 
a further clearance of possible residues of microvascu- 
lar invasion and satellite micronodules by ablating more 
viable tumor containing liver parenchyma and decrease 
probability of metastasis of the residual tumor cell by 
intrahepatic portal vein. 

We are aware of the limitations of this analysis. This 
study was not randomized. Moreover, the AM standard 
of 1.0 cm referred only to the safety margin for liver 
resection advocated by most surgeons. Also, the biologi¬ 
cal nature of HCC as a commonly accepted important 
risk factor was not demonstrated in this study due to the 
limited number of cases with pathological examination. 
One further limitation is the fact that this was a single¬ 
center study; these results might not be reproducible 
consistently in other settings. The results may be influ¬ 
enced by the physicians’ expertise and the institution’s 
volume of care. Nevertheless, our data may be helpful 
for clinicians who treat HCC with RF ablation and may 
also be useful as a basis for the design of future tri¬ 
als. Again, more prospective, large randomized studies 
are needed to assess the benefit of AMs >1.0 cm for 
medium-sized HCC lesions in patients who receive RF 
ablation. 

Notwithstanding its preliminary character, this study 


does provide evidence that, for HCC tumors 3.1 to 5.0 
cm, AMs >1.0 cm could reduce chance of recurrence 
compared with AMs of 0.5-1.0 cm, which emphasizes 
the need for more defensive strategies in using AMs 
wider than 1.0 cm for ablation of HCC tumors 3.1 to 5.0 
cm. However, confirmation in a prospective multicenter 
randomized trial is required. 
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Abstract 

AIM: To analyze the role of rsl2979860 and rs8099917 
polymorphisms in hepatitis C virus (HCV) genotype 1 
infection of Brazilians. 

METHODS: A total of 145 adult patients diagnosed 
with genotype 1 chronic hepatitis C (CHC) who had 
completed a 48-wk regimen of pegylated-interferon 
a-2a or -2b plus ribavirin combination therapy were 
recruited from six large urban healthcare centers and 
199 healthy blood donors (controls) from a single site 
between January 2010 and January 2012. Data on the 
patients' response to treatment was collected. Poly¬ 
merase chain reaction-restriction fragment length poly¬ 
morphism genotyping of the interleukin (JL)28B gene 
fragment encompassing the single nucleotide polymor¬ 
phisms (SNPs) rsl2979860 (C/T) and rs8099917 (T/G) 
was carried out for 79 of the CHC patients and 199 of 
the controls. Bi-directional amplicon sequencing of the 
two SNPs was carried out for the remaining 66 CHC pa¬ 
tients. 

RESULTS: SNP rsl2979860 genotyping was success¬ 
ful in 99.5% of the controls and 97.2% of the CHC 
patients, whereas the SNP rs8099917 genotyping was 
successful in 95.5% of the controls and 100% of the 
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CHC patients. The genotype and allele distributions for 
both rsl2979860 and rs8099917 were significantly dif¬ 
ferent between the control and CHC patient groups, 
with significantly higher genotype frequencies of CC 
and TT in the controls (P = 0.037 and 0.046, respec¬ 
tively) and of TT and GG in the CHC patients (P = 0.0009 
and 0.0001, respectively). Analysis of the CHC patients 
who achieved sustained virological response (SVR) to 
treatment (n = 55) indicated that the rsl2979860 C 
allele and CC genotype were predictors of SVR (P = 
0.02). No significant correlation was found between 
rs8099917 genotypes and treatment response, but car¬ 
riers of the T allele showed significantly higher rates of 
SVR (P = 0.02). Linkage disequilibrium analysis of the 
group that achieved SVR showed a significant associa¬ 
tion between rsl2979860 and rs8099917 (P = 0.07). 

CONCLUSION: The higher allele frequency of 
rsl2979860 C and rs8099917 T observed in non-HCV- 
infected individuals may indicate a potential protective 
role for these IL28B -related polymorphisms. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved. 

Keywords: Hepatitis C; Interleukin 28B; Single nucleo¬ 
tide polymorphisms; Sustained virological response; 
Brazil 


Core tip: This study investigated the differential distri¬ 
bution of interleukin 28B genetic variants between pa¬ 
tients with chronic hepatitis C genotype 1 infection and 
non-infected healthy controls, and evaluated the as¬ 
sociation of these polymorphisms with patient response 
to standard antiviral therapeutic regimens. Genotype 
and allele frequencies of rsl2979860 and rs8099917 
were significantly different between the patients and 
controls, and the patterns suggested a potential pro¬ 
tective role against hepatitis C virus infection. Finally, 
the rsl2979860 CC genotype showed correlation to 
achievement of sustained virological response following 
pegylated-interferon/ribavirin-based therapy. 


Garcia RFL, Moreira S, Ramos ALA, Ferreira LE, Mattos AA, 
Tovo CV, Nader LA, Ramos JA, Rondinelli E, Dominici AJ, 
Garcia CE, Pinho MSL, Brandao-Mello CE, Villela-Nogueira 
CA, Fran 9 a PHC. Interleukin 28B-related polymorphisms: A 
pathway for understanding hepatitis C virus infection? World J 
Gastroenterol 2013; 19(42): 7399-7404 Available from: URL: 
http://www.wjgnet.com/1007-9327/full/vl9/i42/7399.htm DOI: 
http://dx.doi.org/10.3748/wjg.vl9.i42.7399 


INTRODUCTION_ 

Hepatitis C virus (HCV) infection results in a broad 
spectrum of clinical outcomes and symptoms, ranging 
from spontaneous viral elimination to chronic infection 
and from jaundice to end-stage liver failure. Despite the 


introduction of highly efficacious antiviral drugs based 
on viral protease inhibition, most countries continue to 
rely on the established combination therapy based on 
an immune-modulator plus an antiviral [most frequently 
pegylated-interferon a-2a or -2b (PegIFN-a-2a/2b) and 
ribavirin (RBV)] even though this strategy is associated 
with high failure rates 1 * 1 . Studies to uncover the mecha¬ 
nisms underlying non-/low- or unsustained response 
to treatment have identified a number of contributing 
factors, related to both the virus itself (i.e., genotype and 
viral load) and the host (j.e., age, sex, ethnicity, concomi¬ 
tant liver fibrosis, and metabolic abnormalities 1- ’' 1 ; thus, it 
is theorized that interaction between the virus and host 
genetics may be an important determinant of the natu¬ 
ral history of HCV infection and may be predictive of 
therapy outcome. 

A recent genome-wide association study (GWAS) of 
> 600000 polymorphisms in a cohort of HCV-infected 
patients found a single nucleotide polymorphism (SNP) 
on chromosome 19 associated with therapy response 141 . 
Subsequent GWAS studies implicated the rs8099917 (TG) 
polymorphism in the genetic region of this chromosome 
related to the interleukin (IL)28B gene and showed di¬ 
rect associations of the SNP to spontaneous clearance 
of HCV and treatment outcome 15 ' 61 . Subsequent related 
studies have identified an additional IL2&B-related SNP, 
rsl2979860, and confirmed these two polymorphisms as 
strong predictors of therapy response and contributors 
to the epidemiological and ethnical distribution of HCV 
infection 17 " 91 . In addition, comparative analysis has identi¬ 
fied significant differential prevalence profiles of these 
SNPs for HCV-infected patients and healthy controls 1 "* 1 , 
suggesting potential roles for each in disease susceptibil¬ 
ity and/or resistance. 

The prevalence rate of HCV remains high in Brazil, 
particularly when compared to the other Latin American 
countries 1 *" 1 , yet little data is available on the genetic varia¬ 
tion profile of this disease in Brazilians. This study was 
designed to analyze the differential genotypic and allelic 
distributions of the IL2&B-related SNPs, rs 12979860 and 
rs8099917, in a cohort of Brazilian patients infected with 
HCV genotype 1 and healthy controls, as well as to inves¬ 
tigate the potential association of these polymorphisms 
with treatment outcome. 


MATERIALS AND METHODS 

Patients 

Between January 2010 and January 2012, adult patients 
who had undergone combination therapy for chronic 
infection with HCV genotype 1 [48-wk combination of 
PegIFN-a-2a/2b and RBV (15 mg/kg)] were recruited 
from the following six large urban healthcare centers: 
Hospital Municipal Sao Jose, Joinville/SC (n — 25); Hos¬ 
pital Universitario Gaffree Guinle (n = 26) and Hospital 
Universitario Clementino Fraga Filho (n — 66), Rio de 
Janeiro/RJ; Hospital da Universidade Federal de Pelotas 
(n — 12), Pelotas/RS; Santa Casa de Misericordia (n — 2), 


jSoilhjLj* WJG | www.wjgnet.com 


7400 


November 14, 2013 | Volume 19 | Issue 42 | 










Garcia RFL eta/. IL28B polymorphisms and HCV 


Table 1 Demographic characteristics of the study participants 


Characteristic HCV (n = 145) Control (n = 198) 


Age (yr), mean ± SD 

55.5 ± 10.0 

32.2 ± 10.0 

Sex, M/F 

52%/48% 

66%/34% 

Skin color 



White 

75.70% 

88.00% 

Black 

19.20% 

5.00% 

Brown 

5.10% 

7.00% 


HCV: Hepatitis C virus. 

Porto Alegre/RS; and Hospital da Universidade Federal 
do Maranhao (// = 14), Sao Luis/MA. Patients with co- 
infection of hepatitis B virus or human immunodefi¬ 
ciency virus, or with any other concomitant chronic liver 
disease, were denied study enrollment. Blood sample 
and data on treatment outcome was collected for each 
enrolled patient. The treatment outcome of sustained vi- 
rological response (SVR) was defined by a negative result 
for detection of serum HCV RNA at month six post¬ 
treatment. Patients who did not achieve SVR (including 
those who relapsed) were collectively categorized as non¬ 
responders (NR). 

Healthy controls 

Healthy individuals presenting for blood donation at HE- 
MOSC Joinville/SC in 2010 were recruited for the study. 
Study enrollment was offered to individuals with no clini¬ 
cal or laboratory evidence of liver disease or other major 
pathological conditions. All enrolled controls were >18 
years old and lacked familial relationship. 

Racial classification 

To phenotypically classify each study participant by race, 
we employed the criteria published by the Brazilian Insti¬ 
tute of Geography and Statistics' 11 '; the skin color catego¬ 
ries (white, brown, black, yellow, and Indian) were self- 
reported by each participant. 

Ethics statement 

The study was approved by each of the participating 
healthcare center’s Institutional Committees, which re¬ 
quired adherence to the Brazilian normative for ethics in 
research. Informed consent was obtained from each par¬ 
ticipant before blood sampling. 

Genotyping methods 

The HCV patients’ blood samples were collected by 
finger puncture and stored as blots on FTA Elute Micro 
Cards" (Whatman, Kent, United Kingdom) for subse¬ 
quent genomic DNA extraction according to the manu¬ 
facturer’s protocol. The controls’ blood samples were 
collected by venipuncture and stored in EDTA for sub¬ 
sequent genomic DNA extraction via the QIAamp DNA 
Miniprep Kit (Qiagen, Chatsworth, CA, United States). 

The genotyping of SNPs rsl2979860 and rs8099917 
was performed at the Universidade da Regiao de Join- 
ville and the Instituto de Biofisica Carlos Chagas Filho. 


For all 199 control samples and 79 of the HCV-infected 
samples, genotyping was performed via PCR-restriction 
fragment length polymorphism analysis' 1 ”' on an LGC XP 
thermocycler (BIOER Technology Co., Tokyo, Japan) 
and results were documented by the Mini-Bis Pro Gel 
Imaging System (DNR Bio-Image Systems Ltd., Jeru¬ 
salem, Israel). The remaining 66 HCV-infected samples 
were genotyped by bi-directional amplicon sequencing 
using the DYEnamic™ ET Dye Terminator Cycle Se¬ 
quencing Kit and the MegaBACE 1000 DNA Sequencer 
(GE Healthcare, Pittsburgh, PA, United States). The 
HCV treatment responses and IL28 genotyping results 
of this subgroup of patients were previously reported' 1 ’'. 

Statistical analysis 

Data analysis was performed by the SPSS statistical 
software (vl3.0; SPSS Inc., Chicago, IL, United States). 
Continuous variables were compared by Student’s /-test 
for parametric variables, or by Mann-Whitney U test for 
non-parametric distributions. All P-values are two-tailed 
and values < 0.05 were considered statistically significant. 
The % G test for “Goodness of Fit” was used to verify 
whether the proportions of the polymorphisms were 
unequally distributed between controls and patients or in 
Hardy-Weinberg equilibrium (HWE). Differences in allele 
and genotype frequencies between different groups were 
assessed by Pearson’s test (with test for linear trend 
when appropriate). 


RESULTS 

The demographic characteristics of the HCV-infected 
patients and healthy controls are summarized in Table 
1. SNP rsl2979860 genotyping was successful in 142 
(97.2%) of the patients and 198 (99.5%) of the controls, 
and SNP rs8099917 genotyping was successful in all 145 
(100%) of the patients and 190 (95.5%) of the controls. 

Genotype and allele distributions among the HCV- 
infected patients and healthy controls 

Analysis of rsl2979860 showed that the HCV-infected 
group had a significantly lower prevalence of the CC 
genotype (30.3% vs control group: 47.4%, P = 0.037) and 
the C allele (0.53 w0.69, P — 0.0073) and T allele (0.47 vs 
0.31, P = 0.0073), but a significandy higher prevalence of 
the TT genotype (24.8% vs 8.9%, P = 0.0009). Analysis 
of rs8099917 showed that the HCV-infected group had a 
significantly lower prevalence of the TT genotype (46.2% 
vs control group: 67.4%, P = 0.043) and of the T allele 
(0.63 vs 0.83, P = 0.0009), but a significantly higher preva¬ 
lence of the GG genotype (20.0% vs 1.5%, P = 0.0001) 
and of the G allele (0.37 w0.17, P = 0.0008). 

Both of the IL28B SNPs were in HWE among in¬ 
dividuals belonging to the control group (rsl2979860, 
P = 0.7; rs8099917, P = 0.1), but only the rsl2979860 
SNP was in HWE for the HCV group (P = 0.21). Link¬ 
age disequilibrium analysis showed that both SNPs were 
associated with the controls as well as the HCV-infected 
patients (P = 0.0001). 
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Table 2 Demographic characteristics and clinical parameters 
of hepatitis c virus-infected patients stratified by response to 
treatment 


Feature SVR (n = 55) NR (n = 89) lvalue 


Sex, M/F 

54%/46% 

51%/49% 

0.072 

Skin color 

White 

89% 

70% 

0.032 

Black 

11% 

26% 

0.009 

Brown 

- 

4% 

ND 

ALT in UI/mL, mean (IQR) 

97 (54) 

77 (64) 

0.1 

Baseline viral load in UI/mL 1 

< 600000 

47.80% 

49.30% 

0.760 

*= 600000 

52.20% 

50.70% 

0.890 

Fibrosis score 2 

0-2 

63.30% 

49.40% 

0.125 

3-4 

36.70% 

50.60% 

0.126 


a This parameter was only available for 115 patients [46 of sustained 
virological response (SVR), and 69 of non-responders (NR)]; According to 
histopathological analysis of liver biopsy tissues; this parameter was only 
available for 128 patients (49 of SVR, and 79 of NR). ND: Not done due to 
small numbers of cases; ALT: Alanine aminotransferase. 


Correlation between the IL28B polymorphisms and 
treatment outcomes 

Fifty-five (39%) of the patients achieved SVR following 
the combination therapy. Stratification analysis of the 
SVR patients by race showed that the rate was significant¬ 
ly lower in the self-declared black individuals (P = 0.009). 
None of the clinical parameters were significantly differ¬ 
ent between the SVR and NR groups (Table 2). However, 
the SVR group did have significandy higher prevalences 
of the rsl2979860 CC genotype (45.5% vs NR: 21.0%, P 
= 0.02) and C allele (0.64 vs 0.46, P = 0.019). Conversely, 
the prevalences of the rsl2979860 TT genotype and T 
allele were significandy higher in the NR group (30.0% vs 
SVR: 18.2%, P = 0.03 and 0.54 vs 0.36, P = 0.019). 

There were no significant differences in the distribu¬ 
tions of the SNP rs8099917 genotypes between the SVR 
and NR groups. However, the SVR group showed a 
significandy higher frequency of the T allele (0.74 vs NR: 
0.57, P — 0.024) but a significandy lower frequency of the 
G allele (0.26 vs 0.43, P — 0.024). Linkage disequilibrium 
analysis of the SVR group only showed a significant as¬ 
sociation between rsl2979860 and rs8099917 (P = 0.07), 
similar analysis of the NR group only found no signifi¬ 
cant associations. 


DISCUSSION 

Polymorphisms in the genomic sequence related to the 
IL28B gene have been implicated in the natural history 
of HCV infection and suggested as putative biomark¬ 
ers for predicting an individual’s therapy response 114 " 1 l 
In particular, the CC genotype of rsl2979860 (vs CT) 
was associated with a two-fold difference in response 
to HCV treatment, both in Caucasians and African- 
Americans. Thomas et a/ 181 reported the allele frequencies 
of rs!2979860 in 2371 individuals from 51 populations 


worldwide, and showed that the C allele occurred at a 
high frequency in East Asia, an intermediate frequency 
in Europe and North America, and a relatively low fre¬ 
quency in Africa. In a subsequent study, Fabris et aF' 
genotyped the rsl2979860 polymorphism in 412 patients 
with end-stage liver disease due to hepatitis B or C, alco¬ 
hol abuse, or other causes, and in 344 healthy controls. 
The patients with viral cirrhosis were found to have a 
significantly higher frequency of the T allele and of the 
TT/CT genotypes than the controls; ultimately, the au¬ 
thors theorized that the TT genotype may be associated 
with severe liver disease while the CC genotype may exert 
a protective effect. In an Australian-European cohort 
study of the rsl2979860 polymorphism related to SVR, 
the TT, TG and GG genotypes were found to be associ¬ 
ated 1 '. Finally, a Swiss study yielded similar results, with 
a lower G allele frequency being associated to persistent 
infection and failure to respond to therapy 161 . 

Among the few studies that have assessed the role 
of IL28B polymorphisms in a Brazilian population, the 
SNPs have shown various associations to disease out¬ 
come and treatment response. For example, Cavalcante 
et aF analyzed rsl2979860 in 222 patients infected with 
admixture HCV genotype 1, 2 and 3 who were treated 
with standard therapy and found that genotypes CC 
(rsl2979860) and TT (rs8099917) were strongly associ¬ 
ated with SVR, while CT/TT (rsl 2979860) and TG/GG 
(rs8099917) were associated to treatment failure. In addi¬ 
tion, Lunge et aF^ analyzed the association between CT 
(rsl2979860) and spontaneous clearance of HCV infec¬ 
tion in HIV-co-infected individuals and showed that the 
CT/TT genotypes conferred nearly 3-fold higher rates 
for developing CHC, compared to the CC genotype. The 
current study of IL28B polymorphisms’ relationship to 
therapy response, presented herein, confirmed the pre¬ 
dictive value of the C allele and CC genotype (rsl 2979860) 
that was previously suggested by Cavalcante et aP\ Even 
though the current study’s cohort did not show a statisti¬ 
cally significant association of rs8099917 to therapy re¬ 
sponse, the T allele distribution was related to treatment 
outcome. This finding may be explained by the lack of 
HWE in the sample. 

Another intriguing finding from the current study is 
the significant differences in allele and genotype distribu¬ 
tions between the healthy controls and HCV-infected 
patients, which was observed for both SNPs (rsl2979860 
and rs8099917), with higher C and T alleles as well as CC 
and TT genotypes in the healthy controls. These data are 
in accordance with a previous study that demonstrated 
significant associations for reduced frequencies of the 
C allele and the CC genotype with chronically-infected 
hepatitis patients compared to ethnically-matched healthy 
controls 141 . Together, these findings suggest a strong as¬ 
sociation between the C allele and higher rates of natural 
clearance of HCV and support the predicted role of this 
SNP as a protective factor against HCV infection or per¬ 
sistence. 

The full array of biological pathways that are influ- 
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enced by the IL28B gene product and its polymorphisms 
has yet to be elucidated. Certainly, a gene variant has the 
ability to affect rates of protein production and it is inter¬ 
esting to consider that Shi et c/P~ ] demonstrated that pa¬ 
tients with chronic HCV infection have significantly low¬ 
er mRNA and serum levels of IL28B than either healthy 
controls or patients who have spontaneously cleared the 
virus, whereas individuals carrying the rsl2979860 CC 
genotype showed a tendency towards higher levels com¬ 
pared to those carrying the CT or TT genotypes. The 
SNPs rsl 2979860 and rs8099917 are located respectively 
at 3 and 8 kb upstream from the IL28B locus, in a region 
that encodes IFN-/c3, a type 3 interferon with antiviral 
activity that is mediated through the JAK-STAT path¬ 
way upon induction of IFN-stimulated genes. IL28A 
(IFN-A.2) and IL29 (IFN-A.1) are genomically located 
adjacent to the IL28B gene, and it is possible that the 
rs/2979860 and rs8099917 SNPs may also affect the 
function of these genes. Indeed, Langhans et aP' ] showed 
that IL29 levels were substantially lower in CHC patients 
and in patients that spontaneously resolved hepatitis, 
compared to healthy controls; moreover, the levels of 
IL29 and IL28A/B were shown to be significantly higher 
in rsl2979860 C allele heterozygous patients than in the 
TT homozygous patients. 

The results from the current study of an HCV- 
infected Brazilian population indicate that the role of 
IL28B SNPs in patients’ response to therapy is similar 
to that of other international populations. Furthermore, 
the data presented herein on the differential distribution 
of rsl2979860 and rs8099917 polymorphisms between 
HCV-infected patients and a healthy population may con¬ 
tribute to a better understanding of the natural history of 
this complex disease. 


COMMENTS 


Background 

Most countries continue to rely on drug therapies based on an immune- 
modulator plus an antiviral (most frequently pegylated-interferon a-2a or -2b 
and ribavirin), even though this strategy is associated with high failure rates and 
significant side effects. Therefore, identification of predictive biomarkers of an 
individual’s response to therapy is clinically relevant. 

Research frontiers 

Since 2009, several genome-wide association studies have yielded data to 
support the association of two single nucleotide polymorphisms, rsl 2979860 
and rs8099917, located near the interleukin (IL)28B gene with achievement of 
sustained virological response to treatment in patients infected with hepatitis C 
virus (HCV) genotype 1. 

Innovations and breakthroughs 

This study represents the largest analysis of a Brazilian cohort conducted to 
date to investigate the potential association of the two most relevant IL28B 
single nucleotide polymorphisms (rsl2979860 and rs8099917) in healthy 
individuals and chronic hepatitis C patients (CHC) treated with the pegylated- 
interferon a-2a or -2b plus ribavirin combination therapy. The study’s findings 
reveal significant differential distributions of the genotype and allele frequencies 
for both rsl 2979860 and rs8099917 between the healthy controls and CHC pa¬ 
tients. In addition, the CC genotype of rsl 2979860 was shown to be associated 
with the CHC patients' ability to achieve sustained virological response to the 
standard therapeutic regimens. 

Applications 

This study’s findings support the predicted roles of rs12979860 C allele and 
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rs8099917 T allele as protective factors against HCV infection or persistence 
and suggest their potential for development as clinical biomarkers of HCV infec¬ 
tion and therapeutic management. In general, the results indicate that genotyp- 
ing IL28B polymorphisms in HCV-infected patients is likely to help improve 
the current standard of care, and may provide an opportunity for clinicians to 
improve patient outcome by individualizing treatment regimens. 

Peer review 

The authors investigated the differential distribution of IL28B genetic variants 
between healthy Brazilians in the general population and HCV-infected patients 
undergoing standard drug therapy based on an immune-modulator plus an an¬ 
tiviral to demonstrate the associations of particular genotypes and alleles with 
infection and treatment response. This is a well-written and -discussed paper, 
of particular interest to the Brazil population. 
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Abstract 

AIM: To investigate the impact of laparoscopic colecto¬ 
my on short and long-term outcomes in obese patients 
with colorectal diseases. 

METHODS: A total of 98 obese (body mass index > 30 
kg/m 2 ) patients who underwent laparoscopic (LPS) right 
or left colectomy over a 10 year period were identified 
from a prospective institutionally approved database and 
manually matched to obese patients who underwent 
open colectomy. Controls were selected to match for 
body mass index, site of primary disease, American So¬ 
ciety of Anesthesiologists score, and year of surgery (± 
3 year). The parameters analyzed included age, gender, 
comorbid conditions, American Society of Anaesthesiolo- 
gists class, diagnosis, procedure, and duration of opera¬ 
tion, operative blood loss, and amount of homologous 
blood transfused. Conversion rate, intra and postopera¬ 
tive complications as were as reoperation rate, 30 d and 
long-term morbidity rate were also analyzed. For con¬ 
tinuous variables, the Student's t test was used for nor¬ 
mally distributed data the IMann-Whitney U test for non- 
normally distributed data. The Pearson's % 2 tests, or the 


Fisher exact test as appropriate, were used for propor¬ 
tions. 

RESULTS: Conversion to open surgery was necessary 
in 13 of 98 patients (13.3%). In the LPS group, opera¬ 
tive time was 29 min longer and blood loss was 78 mL 
lower when compared to open colectomy (P = 0.03, P 
= 0.0001, respectively). Overall morbidity, anastomotic 
leak and readmission rate did not significantly differ 
between the two groups. A trend toward a reduction 
of wound complications was observed in the LPS when 
compared to open group (/P = 0.09). In the LPS group, 
an earlier recovery of bowel function (A = 0.001) and 
a shorter length of stay (P = 0.03) were observed. 
After a median follow-up of 62 (range 12-132) mo 23 
patients in the LPS group and 38 in the open group 
experienced long-term complications (LPS vs open, P 
= 0.03). Incisional hernia resulted to be the most fre¬ 
quent long-term complication with a significantly higher 
occurrence in the open group when compared to the 
laparoscopic one (/P = 0.03). 

CONCLUSION: Laparoscopic colectomy in obese pa¬ 
tients is safe, does not jeopardize postoperative com¬ 
plications and resulted in lower incidence of long-term 
complications when compared with open cases. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved. 

Key words: Obesity; Colon cancer; Laparoscopy; Right 
colectomy; Left colectomy; Colorectal disease 


Core tip: The best of our knowledge, this is the first 
case-matched control study reporting long-term com¬ 
plications in obese patients' undergone laparoscopic or 
open colectomy. 
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INTRODUCTION 

The role of laparoscopic surgery in obese patient with 
colorectal diseases is still object of debate, according to 
several papers published in the last decade, laparoscopy 
is feasible and safe 11 " 51 . However, controversial results 
have been reported in term of conversion rate, overall 
morbidity and reoperation rate, when obese patients are 
compared to their non-obese counterparts 11 " 81 . 

These controversial results could be partially ex¬ 
plained based on the relative inexperience of the surgical 
team possibly due to an on-going learning curve, on the 
small sample size of the various studies, on the specific 
definition of obesity and on surgical heterogeneity 13 " 5,91 . 
In order to clarify this issue while avoiding some of 
the aforementioned biases, we have conducted a case- 
matched study comparing short and long-term outcomes 
of standardized right or left colectomy performed by 
laparoscopy or by open surgery in patients with a body 
mass index (BMI) > 30 kg/m”. Data were extracted from 
a prospective collected database. 

Main goal of the present study is to assess if the doc¬ 
umented benefits of minimally invasive approach could 
be translated even in a high-risk patients such obese pa¬ 
tients. 


MATERIALS AND METHODS 

Adult obese patients of both sexes candidate to a stan¬ 
dardized right or left colectomy and who were consecu¬ 
tively admitted to our department from January 2002 to 
January 2012 were considered. Patients were identified 
from a prospective institutionally approved database 
currendy recording demographics, biochemistry values, 
nutritional status, operative variables, and co-morbidity 
factors on admission, postoperative outcome and his¬ 
topathologic findings of patients undergoing colon 
resection. The case group was selected from 118 obese 
patients who underwent laparoscopic colectomy identi¬ 
fied from the Institutional Colon database. Patients were 
excluded if they underwent an emergency procedure in = 
13) or non-standardized colon operations (n = 7). Over¬ 
all, the case group consisted of 98 patients. The control 
patients were selected from the same institutional data¬ 
base from January 2011, backward until we had identified 
one control subject for each case. Each case was manually 
matched with a control that had undergone open resec¬ 
tion. The same exclusion criteria used for laparoscopic 
(LPS) patients were applied to the control patients’ selec¬ 
tion. The identification of control patients was done by 
a statistician (GR) who was unaware of postoperative 
outcomes. Control patients were selected to match for 
site of primary disease, American Society of Anesthesi¬ 


ologists (ASA) score, and year of surgery (± 3 year). Data 
collected from the hospital database, medical records and 
telephone calls were analyzed retrospectively. 

Preoperative assessment included clinical examina¬ 
tion, serologic evaluation, total colonoscopy and body 
CT scan. A virtual CT colonoscopy was additionally per¬ 
formed in case of incomplete colonoscopy examination. 
Co-morbidities on admission, as well as operative risk 
assessed by ASA score, were analyzed in both groups. 
The following details of the surgical procedure were 
recorded in all patients: duration of operation (min), 
operative blood loss (mL), and amount of homologous 
blood transfused (mL). Three surgeons (Staudacher C, 
Di Palo S, Vignali A) with extensive experience in open 
and laparoscopic colorectal surgery performed all the 
interventions 11 "' 111 . For all the surgeons, the learning curve 
for laparoscopic colorectal surgery was completed before 
starting the present trial 11 ” 1 . Patients underwent laparo¬ 
scopic or open resection depending on surgeon’s or pa¬ 
tient’s preference. 

A mechanical anastomosis was intracorporeally 
fashioned in case of left colectomy, while in right col¬ 
ectomy, the specimen was divided extra corporeally (in 
laparoscopic operations) and an isoperistaltic side-to-side 
anastomosis was manually fashioned. Conversion to open 
surgery was defined when an abdominal incision longer 
than 7 cm was performed or when an abdominal incision 
was made earlier or differently from what planned at the 
beginning of the intervention. 

All patients were treated according to the same intra 
and postoperative protocol: epidural analgesia mainte¬ 
nance for 3 d, nasogastric tube removal at the end of sur¬ 
gery, and bladder catheter removal on postoperative 2 d. 
Clear liquid diet was started on postoperative 1 d as toler¬ 
ated by the patient. Postoperative infusion of fluids and 
electrolytes was given to all patients according to clinical 
requirements. 

Tumor classification was done according to the 7 th 
TNM edition 11 ’ 1 . Microbiological analysis and positive 
cultures proved all infectious complications. Patients were 
discharged after meeting the following conditions: bowel 
movement and full recovery of both ambulation ability 
and oral feeding. Registration of complications and need 
for an unexpected re-admission were recorded for the 
first 30 d following operation. The follow-up protocol 
consisted in outpatient clinic visits at 3 mo intervals for 
the first 2 years, then at 6 mo intervals for the next 3 
years, then once a year. In patients with more than five 
years follow-up or with a benign disease, a systematic re¬ 
view of chart, office records as well as patient interview 
were done. 

Statistical analysis 

Descriptive data were reported as mean, median, standard 
deviation (SD), number of patients and percentage. For 
continuous variables, differences between groups were 
tested with the Student’s / test for normally distributed 
data (based on Kolmogorov-Smirnov test) or the Mann- 
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Whitney U test for non-normally distributed data. The 
Pearson’s^" test, or the Fisher exact test as appropriate, 
was used for proportions. A two-sided significance level 
less than 0.05 were used to indicate statistical significance. 
Confidence intervals (95%CI) were reported when ap¬ 
propriate. The SPSS 1M software package, version 18. For 
Windows (SPSS Inc, Chicago, IL) was used for all the 
statistical analyses. 


RESULTS 

Study population 

Ninety-eight obese patients with colorectal diseases, 
identified from a prospectively maintained database, who 
underwent laparoscopic right or left colectomy over a 10 
year period, were matched with 98 obese patients who 
underwent open resection. 

The two groups were adequately matched for BMI, 
type of surgery, and operative risk as assessed by their 
ASA classification (Table 1). Moreover, a similar inci¬ 
dence of co-morbidities on admission was observed be¬ 
tween the two groups (Table 2). The mean ± SD (range) 
BMI (kg/m 2 ) was 31.9 ±1.6 (range 30-35.5) in the LPS 
group, and 32.3 ±2.1 (range 30.1-36.4) in the open colec¬ 
tomy group. No significant differences were observed 
between the two groups with respect to demographics, 
indication for surgery (benign vs cancer), tumor stage 
(among cancer patients) as well as for the incidence of 
previous operations (Table 1). 

Technical feasibility 

Conversion to open surgery was necessary in 13 of 98 
patients (13.3%). Reasons for conversion were as follows: 
obesity-hindering vision (n = 5), large tumour infiltrat¬ 
ing adjacent organ/s (» = 2), bleeding from the ileocolic 
pedicle (» = 2), dense adhesions (n = 2), urgent splenec¬ 
tomy (// = 1) and ureteral damage (» = 1). Converted pa¬ 
tients remained in the LPS group for an intention to treat 
analysis. In the converted patients, mean ± SD (range) 
time from beginning of the conversion procedure to 
open surgery was 22.5 ± 38.1 (15-80) min. 

Table 2 reports the surgical characteristics of the 
two groups. The operation time was averagely 29 min 
(95%CI: 24.3-49.3) longer in LPS than open group (P 
= 0.03). Operative blood loss was 78 mL lower in the 
LPS group when compared to open surgery (P = 0.0001; 
95%CI: 47.1-108.9). No significant differences were ob¬ 
served with respect to perioperative blood transfusion 
rate between the two groups. Moreover, among cancer 
patients a similar mean ± SD number of lymph nodes 
was retrieved in the operative specimen in the two groups 
(16.6 ± 10.1 in the open group vs 17.7 ± 11.5 in the LPS 
group, P = 0.57). 

Postoperative outcomes 

In the LPS group, a death occurred as a sequelae of an 
anastomotic leakage on postoperative day 5. No signifi¬ 
cant differences between the two groups were observed 
with respect to overall morbidity rate as well as for tech- 
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Table 1 Demographics and clinical characteristics of the two 
groups n (%) 


Variable 

LPS <ji = 98) 

Open <ji = 98) 

P value 

Age (yr) 

66.9 ± 12.2 

68.7 ± 15 

0.31 

Male/female 

52/46 

47/51 

0.34 

ASA score 

2.3 ±0.7 

2.4 ± 0.9 

0.57 

BMI (kg/m 2 ) 

31.9 ± 2.1 

32.3 ± 2.5 

0.13 

Cancer / benign / disease 

85/13 

79/19 

0.34 

Previous surgery (%) x 
Type of operation 

8 (8.1) 

10 (10.2) 

0.30 

Right colectomy 

57 

57 


Left colectomy 

41 

41 


Tumour stage 

n = 85 

n = 79 

0.77 

Stage 0 

13 (15.2) 

9 (11.3) 


Stage 1 

14 (16.5) 

13 (16.3) 


Stage 2 

29 (34.2) 

32 (40.6) 


Stage 3 

25 (29.4) 

20 (25.4) 


Stage 4 

4 (4.7) 

5 (6.4) 



^nly abdominal surgeries were included; Values are reported as mean ± 
SD or n (%). BMI: Body mass index; LPS: Laparoscopic; ASA: American 
Society of Anesthesiologists. 


nical complications such as anastomotic leakage. Moreo¬ 
ver, a similar incidence of hospital re-admission within 
30 d and of reoperation rate was observed in the two 
groups (Table 2). Conversely, in the open group, the oc¬ 
currence of wound complications was more than double 
when compared to the LPS group and the difference 
showed a trend toward a statistical significance (P = 0.09). 
In both groups, more than 30% of the postoperative 
infections occurred after discharge. A similar incidence 
of respiratory and cardiac complications was observed 
in the two groups (Table 3). When the converted cases 
were compared to the laparoscopically completed ones, a 
trend toward a longer duration of surgery (P = 0.07) and 
a longer length of stay was observed (P = 0.002). Con¬ 
verted patients experienced a higher complications rate 
when compared to patients who completed the operation 
laparoscopically; however the difference failed to reach 
statistical significance (22.8 vs 32.4, P = 0.62). Similar re¬ 
sults in term of length of stay and overall complication 
rate were observed when converted and open surgery pa¬ 
tients were compared (Table 4). Mean ± SD recovery of 
oral food intake occurred after 2.1 (1) d in the LPS and 
after 3.5 ± 1.5 d in the open surgery group (P = 0.001). 
Mean (median, SD) length of stay was 8.6 (8; 3.1) d in the 
LPS group and 10.4 (10; 4.9) d in the open surgery group 
(P = 0.03). 

Long-term outcomes 

At a median follow-up of 62 (range 12-132) mo, 23 pa¬ 
tients in the LPS group and 38 in the open surgery group 
experienced long-term complications (LPS vs open, P = 
0.03; Table 2). Incisional hernia was the most common 
complication in both groups and and its occurrence was 
more frequent in the open surgery group when compared 
to the laparoscopic one (P — 0.03). Among the converted 
patients, a 30.8% (4/13 pts) incisional hernia rate was ob¬ 
served. 
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Table 2 Comparison of co-morbidities, variables, complications (30 d morbidity) and Long-term complications between the two 
groups in study n (%) 



LPS (n = 98) 

Open (p = 98) 

P value 

Co-morbidities 

Diabetes 

14 

11 

0.66 


Coronary artery disease 1 

13 

15 

0.84 


Hypertension 

43 

52 

0.25 


Smoker 

10 

14 

0.51 


Chronic obstructive pulmonary disease 

5 

3 

0.72 


Steroid use 

2 

3 

0.91 

Variable 

Operative time (min) 

193 (71) 

164 (111) 

0.03 


Blood loss (mL) 

177 (76) 

255 (102) 

0.0001 


No of transfused patients 

11 (11.2) 

16 (16.3) 

0.33 


Conversion rate 

13 (13.3) 

NA 


Complications (30 d morbidity) 

Overall 

27 (27.6) 

33 (33.7) 

0.4 


Infectious 2 

13 (13.7) 

21 (21.7) 

0.13 


Noninfectious 2 

9 (9.2) 

10 (10.2) 

0.8 


Anastomotic leak 2 

7(7.1) 

5 (5.1) 

0.78 


Readmission 

7(7.1) 

11 (11.2) 

0.56 


Reoperation 

8(8.1) 

9 (9.2) 

0.8 


Length of stay 

8(3.1) 

10.4 (4.9) 

0.03 


Mortality 

1 (1.02) 

0 (0.0) 

0.9 

Long-term complications 

Incisional hernia 

17 

31 

0.03 


Intestinal obstruction 

5 

6 

0.48 


Anastomotic stricture 

4 

4 

0.86 


Overall 

23 

38 

0.03 


including: History of angina, percutaneous cardiac intervention, cardiac operation, or myocardial infarction within 6 mo of operation; 2 Number of single 
type of complication do not add up to the number of overall complication within the two groups because of the possible occurrence of more than one type 
of complication in some patients; all values within parenthesis indicate percentage values. LPS: Laparoscopic. 


Table 3 Postoperative complications in details n (%) 


LPS C n = 98) Open (n = 98) 


Infectious complications 
Wound complications 1 


Wound infections 

8 (8.2) 

15 (15.4) 

Wound disruption 

- 

2 (2.04) 

Abdominal abscess 

1 (1.06) 

2 (2.04) 

Pneumonia 

2 (2.04) 

3 (3.1) 

Urinary tract 

Non-infectious complications 

2 (2.04) 

1 (1.06) 

Cardiologic 

2 (2.04) 

3 (3.1) 

Ileus 

3 (3.1) 

3 (3.1) 

Intestinal obstruction 

3 (3.1) 

4 (4.1) 

Bleeding 

1 (1.01) 

- 


laparoscopic (LPS) vs open, P = 0.09. 


DISCUSSION 

The global prevalence of obesity means that surgeons 
are increasingly faced with these high-risk patients. The 
choice of optimal operative approach and technique be¬ 
comes extremely actual and crucial. The vast majority of 
the studies available in the literature addressing the issue 
of mini-invasive approach and obesity compares obese 
patients to their non-obese counterparts 1 ” ‘’l In our opin¬ 
ion, in order to better evaluate the effective impact of 
mini-invasive approach in obese patients, it is important 
to compare open and laparoscopic colectomy outcomes 
in the specific population of obese patients only. A de¬ 
finitive answer whether laparoscopic surgery would be 
preferable in the obese to the open approach can only be 


obtained by a randomized controlled trial. To the best of 
our knowledge, there are no RCTs in the literature spe¬ 
cifically addressing this issue. To limit the biases related 
to the design of the study and in an attempt to minimize 
surgical heterogeneicity 1141 , a single center case-matched 
study was performed including only well standardized 
surgical procedures. 

In previous studies, obesity has been identified as 
one of the factors associated with a higher conversion 
rate 1 ' 5 " 191 . In the present trial, a conversion rate of 13.3% 
has been obtained, which is within the range (0%-39%) 
previously reported by other studies dealing with this is¬ 
sue 114 ’ 1 . This rate is however higher when compared to 
the 2.6% conversion rate after laparoscopic right colec¬ 
tomy or tire 5.2% conversion rate in left LPS colectomies 
reported in studies performed by our Institution in the 
non-obese population 1 ”"’” 11 . These findings are in ac¬ 
cordance with results from Tekkis and co-workers who 
identified obesity as an independent predictor of con¬ 
version to open surgery at multivariate analysis with an 
odd-ratio of 2.2 for patients with a BMI > 28.5 kg/m” 
derived from a large series 1253 subjects 1 ” 21 . Moreover 
an increasing BMI was associated with a proportionally 
higher conversion rates in data extracted from the laparo¬ 
scopic colorectal surgery study group (LCSSG)” on 5853 
recruited patients 1 ” 31 . 

A possible argument against the adoption of the 
mini-invasive approach in obese patients is that converted 
patients resulted in poor short and long-term outcomes 
when compared to patients who successfully completed 
the operation laparoscopically 1 ” 4 '”" 1 . In our experience, 


l£ 

jSoilhiLai WJG | www.wjgnet.com 


7408 


November 14, 2013 | Volume 19 | Issue 42 | 












Vignali A etal. Laparoscopic colectomy in obese patients 


Table 4 Outcomes of laparoscopically completed, converted 
and open cases 

Variable 

LPS completed 
(n = 85) 

Converted 
(n = 13) 

Open 
(n = 98) 

P value 

Operative time (min) 

175 (61) 

210 (86) 

164 (111) 

0.07 1 

0.08 2 

Morbidity rate 

22.8% 

32.4% 

33.7% 

0.55 1 

0.91 2 

Length of stay (d) 

7.2 (2.5) 

9.6 (3.2) 

10.4 (4.9) 

0.002 1 

0.52 2 


laparoscopic (LPS) completed vs converted; 2 Converted vs open. Values 
are expressed as mean (SD) or percentages. 


in the converted patients, no significant difference was 
observed in term of postoperative morbidity when com¬ 
pared to laparoscopically completed cases. Similar results 
were reported by other authors 1-6 ' -1 . Possible explanation 
may include the wide experience of the surgical team, in 
the appropriate patients’ selection, or to the rapid deci¬ 
sion to convert thus minimizing potentially adverse out- 

[ 1 , 4 , 10 , 22 ] 

comes 

In the present series, the overall morbidity rates did 
not differ between the two groups. Similarly, despite the 
incidence of infectious complications was about twice 
higher in patients in the open surgery group when com¬ 
pared to laparoscopic (23.6% vs 11%), the difference 
failed to reach statistical significance. 

Only with respect to wound complications, a trend 
toward a lower rate was observed in the LPS group. 
These latter findings are consistent with the data recently 
reported by Wick et tf/ -81 and Mustain et at' ] , who iden¬ 
tified open surgery as an independent risk factors for 
surgical site infections in a large series of obese patients 
undergoing laparoscopic and open colorectal surgery 1-8,291 . 

In the present series, the incidence of anastomotic 
leakage was similar in the two groups. Delaney and co¬ 
workers reported similar results in the only other, to the 
best of our knowledge, case-matched study comparing 
laparoscopic to open colectomy in obese patients,. These 
authors reported an absence of statistical difference, 
both for the overall complications as well as for anasto¬ 
motic leakage rate 1- '. The absence of an adverse impact 
of laparoscopic colectomy on anastomotic leakage rate 
in the obese patients undergone laparoscopic colectomy 
has been recently supported by a review paper by Martin 
and Stocchi 1 ’ 1 reporting data from high volume institu¬ 
tions. 

Moreover, patients in the LPS group experienced a 
shorter recovery of bowel function and a shorter length 
of stay when compared to their open surgery counter¬ 
parts. These findings are consistent with the results re¬ 
ported by a large meta-analyses analyzing the outcomes 
of 2512 procedures from 12 RCT trials comparing LPS 
and the open approach for colorectal diseases in the non- 
obese population 1 ’" 1 . In our series, the earlier recovery 
of bowel function, the shorter length of stay as well as 
the lower intraoperative blood loss and a trend toward a 
reduction of wound complications observed in the LPS 


group, deserve major consideration, as these findings 
indicate that some of the wide-reported short-term ben¬ 
efits of the mini-invasive approach are maintained even 
in high-risk patients, also suggesting that paradoxically, 
these are the patients who stands to benefit the most 
laparoscopic surgery. 

With respect to long-term complications, patients in 
the LPS group experienced a significantly lower incidence 
of overall complications when compared to their open 
surgery counterparts. In particular a higher incisional 
hernia rate was observed in the open surgery group. Few 
data are available in the literature on this subject report¬ 
ing controversial results. No difference in term of inci¬ 
sional hernias between laparoscopic or open approach 
has been reported or, conversely the mini-invasive ap¬ 
proach was preferred when obese vs non obese patients 
are compared 131,3-1 . To the best of our knowledge, no 
study has reported data on long-term complications in 
obese patients treated with mini-invasive or with conven¬ 
tional approach. The mechanisms for incisional hernia 
occurrence have not been yet clarified. Potential risk fac¬ 
tors have been identified and categorized into patient- 
related (advanced age, obesity, nutritional status,) disease 
and surgery-related such as emergency operation, post¬ 
operative wound infections, reoperations and others 1 ”"” 1 . 
Moreover, an association was recently reported by Rul- 
lier et aP^ between the rate of hernia and the length of 
incision. These authors found an incisional hernia rate 
of 33.0% at median follow-up period of 51 mo in open 
group compared to 13.5% in the LPS group of patients 
who underwent rectal resection. 

In conclusions, although there are some limitations to 
the study resulting from the non-randomized design, to 
the possible bias in patient selection for laparoscopic sur¬ 
gery, and to the fact that patients were treated in a single 
institution, our findings indicate that laparoscopic surgery 
can be safely performed in obese patients with colorectal 
disease. Moreover, minimally invasive approach has no 
adverse impact on postoperative complications, resulting 
in reduced length of stay and lower incidence of long¬ 
term incisional hernia when compared to conventional 
colectomy. 
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Background 

The safety and the benefits of laparoscopic colon resection, including less 
post-operative pain, faster recovery of bowel function, earlier mobilization, less 
morbidity, reduction of hospital stay, and smaller scars, have been underlined 
by several studies, making it now the preferred approach in the surgical man¬ 
agement of many colorectal diseases. Obese patients are considered to be at 
high perioperative risks. Therefore laparoscopic surgery may be particularly ad¬ 
vantageous in obese patients. On the other hand a colorectal resection is more 
difficult in obese subjects due to obesity hindering visualization and dissection 
of tissue planes that lead to longer operative time and increase blood transfu- 
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sion requirement, thus possibly impair the benefits of laparoscopic colectomy. 

Research frontiers 

The study performed a single center study in which patients were matched for 
body mass index, site of primary disease, American Society of Anesthesiolo¬ 
gists score, and year of surgery. Moreover only well standardized surgical 
procedures (left and right colectomy) were included. However, in order to better 
evaluate the real impact of minimally-invasive approach in obese patients, a 
randomized controlled trial should be conducted. 

Innovations and breakthroughs 

The vast majority of previous studies, focusing on laparoscopic colectomies 
in obese patients, compared obese to non-obese subjects. No randomized 
study has been conducted. Only one case matched study compared open and 
laparoscopic approach in obese patients. This is the first study that analyses 
long-term outcomes. The principals finding of this study is that the documented 
benefits of laparoscopic colon resection could be translated even in a high-risk 
group, such obese patients, since this approach did not impair postoperative 
outcomes and resulted in lower incidence of long-term complications when 
matched with open surgery cases. 

Applications 

Providing that experienced surgeons are involved, laparoscopic colorectal 
resection should be offered to obese patients considering its benefits when 
compared to conventional open surgery. 

Peer review 

The authors analyze the feasibility of laparoscopic colectomy in obese patients. 
There are not randomized trials comparing the outcome of colectomy in obese 
and non-obese patients. The results confirm previous studies on the efficacy 
and safety of laparoscopic left and right colectomy in obese subjects. The 
literature on this topic is scarce, and, although another case-match study was 
previously published, this is the only one that analyses long term results. 
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Abstract 

AIM: To evaluate the red cell distribution width (RDW) 
as an indicator of the presence of non-alcoholic steato¬ 
hepatitis (NASH) and its association with fibrotic scores. 

METHODS: A retrospective study was carried out that 
included sixty-two biopsy proven NASH, 32 simple ste¬ 
atosis patients and 30 healthy controls. The correlation 
between the clinical and histopathological features of 
NASH patients and RDW values was evaluated. Liver 
fibrosis scores were measured using a 0 to 4 point 
scale and were divided in to two groups; fibrosis scores 
0-1 were termed mild and fibrosis scores 2-4 were 
termed advanced fibrosis. RDW values were compared 
between NASH, simple steatosis and healthy controls. 
Univariate and multivariate analyses were performed 
to evaluate the independent predicting factors for the 
presence of liver fibrosis caused by NASH. 


RESULTS: Patients with NASH had higher RDW val¬ 
ues compared with simple steatosis and healthy con¬ 
trol groups [14.28% ± 0.25% vs 13.37% ± 0.12%, 
12.96% ± 0.14% (A < 0.01), respectively]. Patients 
with advanced fibrosis had higher RDW values than 
the mild fibrosis group (15.86% ± 0.4% vs 13.63% ± 
0.67%, P < 0.01, respectively). RDW also correlated 
with fibrotic scores (r = 0.579 and P < 0.01). The vari¬ 
ables that were significant in the univariate analysis 
were evaluated in multivariate logistic regression analy¬ 
sis, and RDW was an independent predicting factor of 
NASH (OR = 1.75, 95%CI: 1.129-2.711, P < 0.05). 

CONCLUSION: RDW a new non-invasive marker that 
can be used to demonstrate the presence of NASH and 
indicate advanced fibrotic scores. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved. 

Key words: Non-alcoholic steatohepatitis; Liver fibro¬ 
sis; Red cell distribution width; Simple steatosis; Non- 
invasive marker; Liver biopsy 


Core tip: We evaluated the role of red cell distribution 
width (RDW) as an indication of nonalcoholic steato¬ 
hepatitis by comparing the values of biopsy proven 
non-alcoholic steatohepatitis (NASH) patients with 
simple steatosis and healthy controls. Independent 
predictors of the presence of NASH and advanced liver 
fibrosis were evaluated by using multivariate logistic 
regression analyses and RDW was a statistically signifi¬ 
cant independent predictor. 
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INTRODUCTION 

Nonalcoholic steatohepatitis (NASH) is part of the 
spectrum of non-alcoholic fatty liver disease (NAFLD), 
which comprises simple fatty liver, NASH, associated 
advanced fibrosis and cirrhosis 1 ’ 1 . NAFLD has become 
one of the most common forms of chronic liver diseases 
in the United States and worldwide, with a prevalence 
of 10%-24% [2 ' 51 . NASH is characterized by ballooning, 
degeneration, and lobular inflammation with various 
stages of fibrosis. Lobular inflammation is a hallmark of 
NASH, which is characterized by infiltration of lympho¬ 
cytes, mononuclear cells and polymorphonuclear neutro¬ 
phils. Steatosis is present in all cases and affects the he¬ 
patic lobules [6 l Simple steatosis is a benign condition with 
minimum progression, despite a high rate of progression 
to cirrhosis in 15%-25% of patients with NASH 1 1 Liver 
fibrosis is a result of chronic injury 1 ’’ 1 . In the absence of 
approved treatment modalities for NASH, care should 
be taken on the detection of advanced fibrosis. A liver 
biopsy is the only method for distinguishing NASH from 
other diagnoses and permits the evaluation of the dam¬ 
age and fibrosis of the liver. However a biopsy is an inva¬ 
sive and expensive procedure with important complica¬ 
tions, such as bleeding and perforation. Therefore, there 
has been a search for noninvasive methods of detecting 
the presence of NASH and liver fibrosis to avoid these 
procedure-related complications. 

Chronic inflammation plays a significant role in dis¬ 
ease progression to NASH 1 ’ 1 . In addition, some studies 
have shown that certain inflammatory cytokines were 
higher in patients with NASH 1 ’"'” 1 . 

Red cell distribution width (RDW) is a parameter 
of the variation of circulating red cells. This parameter 
demonstrates the heterogeneity of red cell volume and 
is a component of the complete blood count (CBC). 
The RDW is also a widely available, inexpensive and eas¬ 
ily repeatable marker that measures red blood cell (RBC) 
volume variability. Recent reports have demonstrated that 
elevated RDW values were related to negative outcomes in 
cardiovascular and metabolic disorders, colon cancer and 
stroke independent of hemoglobin (HGB) values 1 ' - " 161 . The 
association between RDW values and the severity of liver 
diseases has been also reported in two recent studies 1 ’ 7,181 . 

In this study, we aimed to investigate the clinical utility 
of RDW for indicating the presence of NASH in com¬ 
parison with simple steatosis and healthy controls. We also 
evaluated whether there is an association between RDW 
values, fibrotic stages and histological features of NASH. 


MATERIALS AND METHODS 

Patients 

This retrospective study was performed in Gazi Univer¬ 
sity Department of Gastroenterology, a tertiary reference 
center (Ankara, Turkey), between January 2010 and May 
2013. All the patients who had persistently elevated liver 
enzymes and hepatosteatosis on ultrasonography, in the 
absence of any causes of elevated aminotransferases, 


were evaluated in the study. Among them, patients who 
had histopathology consistent with NASH and simple 
steatosis were included in the study. The control group 
was created among individuals who had normal amino¬ 
transferase levels and normal abdominal ultrasonography. 
Patients who were diagnosed with viral hepatitis, scleros¬ 
ing cholangitis, primary biliary cirrhosis, autoimmune 
hepatitis, hemochromatosis, Wilson’s disease, alpha- 
1-antitrypsin deficiency, malignancy and drug-induced 
liver disease were excluded. Other exclusion criteria were 
alcohol consumption of > 20 g/d for men and > 10 g/d 
for women, presence of infectious diseases on admission, 
chronic renal diseases, collagen vascular diseases, malig¬ 
nancies, hematological diseases that might impair red cell 
production (such as iron deficiency, B12 or folate defi¬ 
ciency), increased red cell destruction, hemoglobinopa¬ 
thies, blood transfusions, bone marrow depression, usage 
of anticoagulant drugs, non-steroid anti-inflammatory 
drugs and hepatotoxic drugs. Patients who had diabetes 
mellitus were on oral antidiabetics and/or insulin therapy. 
Patients who had hypertension were all using angiotensin¬ 
converting enzyme inhibitors and were under control in 
terms of hypertension. 

Clinical and laboratory assessment 

Demographical, clinical and laboratory data were col¬ 
lected and registered in a database by an uninformed cli¬ 
nician to prevent bias. Body mass index was calculated by 
dividing weight in kilograms (kg) by the square of height 
in meter (m) as (kg/m - ). 

Before the liver biopsy, venous blood samples were 
obtained from the antecubital vein from all patients be¬ 
tween 8.30 and 10.00 am, after fasting for at least 8-12 h. 
A CBC containing RDW, hemoglobin (HB), white blood 
cell (WBC), neutrophils, lymphocytes, platelets and mean 
platelet volume (MPV) was performed with a Beckman 
Coulter Gen-S automated analyzer (High Wycombe, 
United Kingdom) within 2 h after obtaining the blood 
samples. RDW was calculated by the Beckman Coul¬ 
ter automated analyzer as RDW — SD/MCV x 100%. 
(The standard deviation of the volume of red blood cell 
(SD)/[(mean corpuscle volume) (MCV)] x 100%. RDW 
was calculated by dividing the SD by the MCV and then 
multiplying that result by 100. The SD represented the 
volume of erythrocytes or RBCs that were in the blood 
smear. 

A Roche Modular System auto analyzer(Roche CO- 
BAS INTEGRA 800 (Indianapolis, United States) de¬ 
termined the Albumin, creatinine, blood urine nitrogen 
(BUN), alanine aminotransferase (ALT), aspartate ami¬ 
notransferase (AST), y glutamyl aminotransferase (GGT) 
and alkaline phosphatase (ALP) levels. All the laboratory 
analyses were performed in our hospital’s hematology 
laboratory. 

Histopathological evaluation of the liver 

Percutaneous liver biopsy was performed using a 16-G 
disposable needle by a skilled clinician. All liver biopsy 
specimens included 12 or more complete portal tracts 
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Figure 1 Mild perivenular-perisinusoidal fibrosis (A) and advanced perivenular-perisinusoidal, and periportal fibrosis (B) in non-alcoholic steatohepatitis. A, 

B: Trichrome stain, x 400. 


and were longer than 20-25 mm. All liver tissue samples 
were evaluated by the same experienced hepatopatholo- 
gist who was blinded to the patients’ clinical and labora¬ 
tory data. Hematoxylin and eosin (HE) and Masson tri¬ 
chrome stains were used for histopathological diagnoses 
of formalin-fixed paraffin-embedded liver tissues. The 
diagnosis of NASH was evaluated on Brunt’s Criteria 11 
Histological characteristics were graded according to the 
NAFLD scoring system recommended by the National 
Institute of Diabetes and Digestive and Kidney Dis¬ 
eases NASH Clinical Research Network 1 "" 1 . Steatosis was 
graded as 0 ^ 5%; 1 3= 33%-66%; 3 3= 66% lobular in¬ 
flammation was graded as 0 = no foci; 1^2 foci; 2 = 2-4 
foci; 3 3= 4 foci; and ballooning was graded as 0 — none; 
1 — few ballooning cells; 2 = many ballooning cells, re¬ 
spectively. 

Depending on the recommendations of Brunt’s crite¬ 
ria steatosis (0-3), lobular inflammation (0-3) and balloon¬ 
ing (0-2) were then combined to establish the NAFLD 
activity score (0-8). Fibrosis was also scored as 0 = no 
fibrosis; 1 = periportal or perisinusoidal fibrosis; 2 = peri- 
sinusoidal and portal/periportal fibrosis; 3 = bridging fi¬ 
brosis; and 4 = cirrhosis. While mild fibrosis was defined 
with fibrotic score % 1 advanced fibrosis was defined 
with fibrotic score > 1. Mild fibrosis caused by NASH is 
shown in Figure 1A and advanced fibrosis in Figure IB. 

Ethics 

The study was in accordance with the ethical guidelines 
of the 1975 Declaration of Helsinki and was approved 
by the institutional review board. 

Statistical analysis 

Statistical analyses were performed using die SPSS soft¬ 
ware version 17 and MedCalc version 12. The variables 
were investigated by using visual (histograms, probability 
plots) and analytical methods (Kolmogorov-Smirnov/ 
Shapiro-Wilk’s test) to determine whether or not they 
were normally distributed. Non-normally distributed 
and non-parametric variables were compared between 
groups using the Mann-Whitney U test where appropri¬ 
ate. The^" test, where appropriate, was used to compare 


the propositions in different groups. As the RDW was 
not normally distributed, the Kruskal-Wallis test was used 
for comparisons among NASH, simple steatosis and 
healthy control groups. The Mann-Whitney U test was 
used to test the significance of pairwise differences, using 
Bonferroni correction to adjust for multiple compari¬ 
sons. For the multivariate analysis, the possible factors 
identified with univariate analyses were further entered 
into the logistic regression analysis to determine indepen¬ 
dent predictors of NASH. To assess model fit, we used 
Hosmer-Lemeshow goodness of fit statistics. Spearman 
rank correlation coefficients (r) were calculated to assess 
the correlation between RDW and liver histopathological 
features (inflammation, NAS score, the degree of steato¬ 
sis and degree of fibrosis) and clinical characteristics of 
NASH patients. Receiver operating characteristics (ROC) 
analysis was used to evaluate die role of RDW in distin¬ 
guishing subjects with NASH and fibrosis. ROC analysis 
was also used to distinguish advanced and mild fibrotic 
stage groups. Cutoff values that maximized both sensitiv¬ 
ity and specificity were chosen for the NASH group. P < 
0.05 was considered statistically significant. 


RESULTS 

Patient characteristics and liver histology 

Sixty-two biopsy proven NASH patients, 32 biopsy 
proven simple steatosis patients and 30 healthy controls 
were recruited. The median ages of patients with NASH, 
simple steatosis and healthy controls were 49.5 years 
(22-77 years), 48 years (24-71 years) and 48 years (24-72 
years), respectively. There was no statistically significant 
difference between the ages of participants. The mean 
BMI (kg/m") of NASH, simple steatosis and healthy 
controls were 27.13 + 0.37, 25.97 ± 0.67 and 24.22 ± 
0.45 kg/m", respectively (P < 0.01). The platelet counts 
among NASH, simple steatosis and healthy controls were 
245.5 ± 34.73, 244.5 ± 13.8 and 260 ± 4.47 x 10 3 /mL, 
respectively (P > 0.05). However, there was an inversely 
significant correlation between platelet counts and fibrot¬ 
ic scores (r = -0.335 and P < 0.01). Among the NASH 
group 30/62 (48.3%), steatosis group 18/32 (56.2%) and 
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Table 1 Demographic and laboratory features of non¬ 
alcoholic steatohepatitis, simple steatosis and healthy control 
groups 


Factor NASH Steatosis Healthy /’-value 

group group control group 

0 n = 62) (n = 32) (n = 30) 


22 - 


20 


18 


16 


Age mean ± SD 

48.81 ± 12.21 

47.25 ± 12.58 

48.03 ± 9.54 

NS 

Q 

C£ 



Gender (male) 

30 (48.3) 

18 (56.2) 

18 (60) 

NS 


14 


BMI (kg/ m 2 ) 

27.13 ± 0.37 

25.97 ± 0.67 

24.22 ± 0.45 

<0.01 




Hemoglobin 

14.10 ± 0.16 

14.51 ± 0.28 

13.91 ± 0.11 

NS 


12 


(g/dL) 









245.5 + 34.73 

244.5 +13.8 

260 + 4.47 

NS 










10 


(X 10 3 /mL) 








WBC (k/UL) 

6950 ± 319 

7250 ± 330 

7350 ±146 

NS 




Neutrophil ratio 

59.39% ± 1.20% 

59.87% ± 1.20% 

59% ± 1.1% 

NS 




Lymphocyte ratio 

31.29% ± 1.09% 

29.88% ± 1.10% 

32% ± 0.78% 

NS 




RDW 

14.28% ± 0.25% 

13.37% ± 0.12% 

12.96% ± 0.14% 

<0.01 

B 

22 


MPV (fL) 

8.63 ± 1.30 

8.49 ± 1.06 

8.20 ± 0.59 

NS 




MCV (fL) 

86.34 ± 0.88 

87.98 ± 1.37 

85.5 ± 0.82 

NS 


20 


ALT (IU/L) 

54 ± 8.1 

45 ± 3.97 

32.5 ± 1.49 

<0.01 




AST (IU/L) 

40.05 ± 6.04 

40.05 ± 3.01 

24 ± 1.39 

<0.01 




ALP (IU/L) 

87.5 ± 9.09 

81.5 ± 3.91 

61 ± 1.87 

<0.01 


18 


GGT (IU/L) 

61 ± 13.4 

32 ± 3.4 

27 ± 2.5 

<0.01 




Albumin (g/dL) 

4.36 ± 0.73 

4.5 ± 0.42 

4.9 ± 0.75 

<0.01 

O 

16 


Creatinine 

0.78 ± 0.033 

0.79 ± 0.023 

0.72 ± 0.014 

NS 




BUN (mg /dL) 

12.25 ± 0.85 

14.2 ± 0.67 

13.46 ± 0.71 

NS 


14 


Diabetes mellitus 

19 (30.6) 

9 (28.1) 

0(0) 

NS 




Hypertension 

22 (35.4) 

7 (21.8) 

0(0) 

NS 


12 




O 



Healthy control Steatosis Nash 

Diagnosis 


O 



Values are presented as n (%) frequencies, median ± SE for skewed 
distributed variables. BMI: Body-mass index; RDW: Red cell distribution 
width; MPV: Mean platelet volume; NS: Not significant; ALT: Alanine 
aminotransaminase; AST: Aspartate aminotransferase; ALP: Alkaline 
phosphatase; GGT: y glutamyl transferase; WBC: White blood cell; MCV: 
Mean corpuscle volume; BUN: Blood urine nitrogen. 

healthy controls 18 (60%) were men (P > 0.05). The me¬ 
dian RDW values were 14.28% ± 0.25%, 13.37% ± 0.12% 
and 12.96% ± 0.14%, respectively (P < 0.01). The clini¬ 
cal and laboratory data of patients with NASH, simple 
steatosis and healthy control groups are summarized in 
Table 1. The comparison of RDW values among NASH, 
simple steatosis and healthy control groups is also shown 
in Figure 2A. 

Relationship between RDW and the presence of NASH 
and fibrosis 

The ROC analysis suggested that a cutoff value of 13.56 
has the highest sensitivity (61.3%) and specificity (72.6%) 
for detecting patients with NASH with an area under the 
curve (AUC) of 0.70 (95%CI: 0.600-0.805), (P < 0.01), as 
shown in Figure 3A. 

According to the liver histopathological features, 
while the mild fibrosis group consisted of 40 patients, 
there were 22 patients in advanced fibrosis group. We 
compared RDW values between the mild and advanced 
fibrosis subgroups of NASH and found a statistically 
significant difference (13.95% + 1.74% and 15.85% ± 
1.89%, respectively, P < 0.01), as seen in Figure 2B. The 
ROC curve of RDW for the identification of advanced 


10 - 

Mild fibrosis Advanced fibrosis 

Fibrotic groups 

Figure 2 Red cell distribution width values of healthy controls, simple 
steatosis and non-alcoholic steatohepatitis groups (A), and fibrotic 
subgroups of non-alcoholic steatohepatitis (B). RDW: Red cell distribution 
width. 

Correlation between RDW and clinical/histopathological 
features of patients with NASH 

In Spearman correlation analysis, there were statistically 
significant correlations between RDW values and fibrotic 
scores, age and gender, as seen in Table 2. The correlation 
between fibrotic scores and RDW values reached statisti¬ 
cally significance, such that Spearman’s correlation coef¬ 
ficients were r = 0.42, and P < 0.001, as shown in Figure 4. 

Univariate analysis for the presence of NASH indi¬ 
cated that age, gender, platelet counts, ALT, AST, ALP, 
GGT, albumin, BMI and RDW were statistically signifi¬ 
cant predictor factors of the presence of the NASH. The 
results of univariate analysis are shown in Table 3. 

Those variables that were statistically significant in 
univariate logistic regression analyses were furthered 
subjected to multivariate logistic regression analysis, and 
RDW continued to be statistically significant and an 
independent predictor of fibrosis (OR = 1.75, 95%CI: 
1.129-2.711, P < 0.001), as seen in Table 4. 


DISCUSSION 


fibrosis in NASH was statistically significant (AUC = 0.78, In the present study, we concluded that patients with bi- 

95%CI: 0.660 -0.903, P < 0.01), as shown in Figure 3B. opsy proven NASH have higher RDW values compared 
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Table 2 Red cell distribution width correlated with clinical 
characteristics and histological features of non-alcoholic 
steatohepatitis 

Factor 

/•-value 

/’-value 

Age (yr) 

0.245 

<0.01 

BMI (kg/ m 2 ) 

0.131 

NS 

Gender 

-0.251 

<0.01 

Fibrosis 

0.579 

<0.01 

Inflammation 

0.207 

NS 

Steatosis 

0.121 

NS 

Ballooning 

0.175 

NS 

NASH 

0.217 

NS 


BMI: Body mass index; RDW: Red cell distribution width; NASH: non¬ 
alcoholic steatohepatitis; NS: Not significant. 
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Figure 3 Receiver operating characteristics curve of red cell distribution 
width values for the identification of patients with non-alcoholic steato¬ 
hepatitis (A), and the identification of fibrosis in non-alcoholic steato¬ 
hepatitis (B). 


Figure 4 Correlation between red cell distribution width values and fibrot¬ 
ic scores of non-alcoholic steatohepatitis. RDW: Red cell distribution width. 
Score 0, n = 8; Score 1, n = 32; Score 2, n = 10; Score 3, n = 8; Score 4, n = 4. 


with simple steatosis patients and healthy controls. The 
increase in RDW values correlated with disease progres¬ 
sion because the patients with advanced fibrosis had 
higher RDW values than the mild fibrosis group. There 
was a positive correlation between RDW values and 
fibrotic scores. As a result of multivariate logistic regres¬ 
sion analysis RDW was identified as an independent pre¬ 
dictor of NASH and advanced liver fibrosis. 

The search for a noninvasive diagnostic marker 
indicating the histological changes and fibrotic stages 
observed in NASH is very important. The absence of 
approved treatment methods for NASH means that care 
must be taken on the detection of advanced fibrosis. 
The risk stratification requires an adequate evaluation of 
fibrosis, which only currently possible by performing a 
liver biopsy. Biopsy is an invasive method with natural 
risks, costs, and is disturbing for the patients; therefore, 
considerable efforts have been made in the development 
of noninvasive alternatives of determining the degree of 
liver fibrosis. 

Lou et aP l] found that RDW values were significantly 
increased in patients with hepatitis B and that high RDW 
values were associated with disease severity. Similarly 
Chen et aP 1] concluded that RDW to platelet index is a 


routinely available and easily calculated index that could 
predict significant liver fibrosis caused by chronic hepa¬ 
titis B with a high accuracy. They also estimated that this 
index may reduce the requirement of liver biopsy in pa¬ 
tients infected with chronic hepatitis B. High RDW values 
are associated with poor outcomes in patients with car¬ 
diovascular diseases 12 '" 41 . Although the main mechanism 
that causes elevation of RDW levels in these different 
conditions is unknown, it is speculated that inflammation 
may play an important role 1 ” 51 . Some pathways may ex¬ 
plain the increase in RDW values, such as impaired iron 
metabolism, suppressed erythropoietin gene expression, 
inhibition of proliferation of erythroid progenitor cells, 
downregulation of erythropoietin receptor expression 
and reduced erythrocyte circulatory half-life 1261 . 

Alkhouri et aP 1 '' found that the neutrophil to lym¬ 
phocyte ratio was higher in patients with NASH and 
advanced fibrosis. They hypothesized that this ratio 
could be used as a novel noninvasive marker to predict 
advanced liver fibrosis caused by NASH. Tonelli et aP S] 
reported that higher RDW values might reflect an un¬ 
derlying chronic inflammation, which could result in an 
increased risk of cardiovascular disease. 

These results suggest that inflammation may be a 
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Table 3 Univariate analyses for predicting liver fibrosis 



OR 

95%CI 

/’-value 


Age 

1.05 

1.004-1.109 

<0.05 

Gender 

1.46 

0.516-4.171 

NS 

Platelet 

0.98 

0.988-0.996 

<0.01 

ALT 

1.08 

0.976-1.004 

NS 

AST 

0.98 

0.963-1.007 

NS 

ALP 

1.015 

1.002-1.028 

<0.05 

GGT 

1.002 

0.998-1.007 

NS 

RDW 

1.73 

1.242-2.409 

<0.01 

Albumin 

0.418 

0.158-1.105 

NS 

BMI 

1.012 

0.847-1.209 

NS 


ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ALP: 
Alkaline phosphatase; GGT: y glutamyl aminotransferase; RDW: Red cell 
distribution width; BMI: Body mass index; NS: Not significant. 

potential underlying biological mechanism for increased 
RDW values. Chronic inflammation may play a role 
in disease progression of NASH and fibrosis. Indeed, 
multiple inflammatory cytokines have been assessed in 
different studies as noninvasive markers for the presence 
of NASH and fibrosis 1 ” 91 * * * . Thus, increased RDW values 
may be considered as a chronic inflammatory process in 
the pathogenic basis of NASH. Moreover our findings 
revealed that RDW could discriminate fibrotic scores of 
NASH, making it a potentially useful marker for predict¬ 
ing the progression and fibrotic stages of NASH. 

We hypothesized that the relationship between RDW 
and NASH may be a result of an effect of an inflam¬ 
matory process that suppresses mature erythrocytes and 
secretes young erythrocytes into the circulation, leading 
to anisocytosis and high RDW values. To the best of our 
knowledge, this is the first study to evaluate an associa¬ 
tion between high RDW values and high fibrotic scores 
in a well-designed, specifically organized patient group of 
biopsy proven NASH. 

There are some limitations to our study that: RDW 
was assessed on a single situation instead of multiple 
consecutive measurements, therefore we could not evalu¬ 
ate any biological variabilities and measurement errors 
that could be a result of this. Also erythropoietin, reticu¬ 
locyte count, inflammatory markers such as interleukin 
(IL)-1, IL-6, tumor necrosis factor-a were not provided; 
they might provide some important information on the 
pathophysiology of underlying high RDW physiology. 
A lack of a marked fall in the platelet count of NASH 
patients may reflect the small sample size and small num¬ 
ber of cirrhotic patients. This must be evaluated in large 
population based prospective studies. 

In summary, our study showed that in patients with 
biopsy proven NASH, RDW is associated with histologi¬ 
cal severity and could be used to identify patients with 
advanced liver fibrosis. Unlike many other noninvasive 
markers of NAFLD, RDW is inexpensive, widely avail¬ 
able and easily repeatable. Although the accuracy of 
RDW for detecting NASH and significant fibrosis is 
sufficient, RDW in combination with other markers 
may 7 help to identify patients at increased risk of having 


Table 4 

Multivariate analyses for advanced liver fibrosis 


OR 

95%CI 

P-value 

ALP 

1.005 

0.993-1.018 

NS 

RDW 

1.75 

1.129-2.711 

<0.05 

Age 

1.02 

0.957-1.086 

NS 

Platelet 

0.991 

0.981-1.001 

NS 

Albumin 

1.016 

0.291-3.545 

NS 


ALP: Alkaline phosphatase; RDW: Red cell distribution width; NS: Not 
significant. 


advanced disease. Perhaps independently of anemia and 
other factors, RDW could be used to estimate the fibrotic 
process of different diseases. It may become one of the 
cornerstones of inflammation and fibrosis if confirmed 
in large population based studies in the future. 
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from other diagnoses and evaluating the damage and fibrosis of liver, but it may 
have procedure-related clinical complications. 
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(RDW) may indicate the presence of NASH and advanced liver fibrosis. 
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values and the severity of liver diseases has also been reported in two recent 
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Abstract 

AIM: To evaluate the usefulness of real-time virtual so¬ 
nography (RVS) in biliary and pancreatic diseases. 

METHODS: This study included 15 patients with bili¬ 
ary and pancreatic diseases. RVS can be used to ob¬ 
serve an ultrasound image in real time by merging the 
ultrasound image with a multiplanar reconstruction 
computed tomography (CT) image, using pre-scanned 
CT volume data. The ultrasound used was EUB-8500 
with a convex probe EUP-C514. The RVS images were 
evaluated based on 3 levels, namely, excellent, good 
and poor, by the displacement in position. 

RESULTS: By combining the objectivity of CT with free 
scanning using RVS, it was possible to easily interpret 
the relationship between lesions and the surrounding 
organs as well as the position of vascular structures. 
The resulting evaluation levels of the RVS images were 
12 excellent (pancreatic cancer, bile duct cancer, cho- 
lecystolithiasis and cholangiocellular carcinoma) and 


3 good (pancreatic cancer and gallbladder cancer). 
Compared with conventional B-mode ultrasonography 
and CT, RVS images achieved a rate of 80% superior 
visualization and 20% better visualization. 

CONCLUSION: RVS has potential usefulness in objec¬ 
tive visualization and diagnosis in the field of biliary and 
pancreatic diseases. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved. 

Key words: Biliary and pancreatic disease; Computed 
tomography-multiplanar reconstruction image; Naviga¬ 
tion; Real-time ultrasound image; Real-time virtual so¬ 
nography 


Core tip: The real-time virtual sonography (RVS) system 
combined with ultrasonography (US) and computed 
tomography (CT) compensates for each of the defi¬ 
ciencies of US and CT. The visualization in biliary and 
pancreatic diseases using RVS added objectivity and 
detailed imaging for diagnosis lacking in conventional 
B-mode US and CT, and it becomes possible to make a 
more precise diagnosis. Moreover, it is possible to con¬ 
sider this system as providing images of detailed pro¬ 
cesses conveniently and in real time. RVS has potential 
usefulness in objective visualization and diagnosis in 
the field of biliary and pancreatic diseases. 


Sofuni A, Itoi T, Itokawa F, Tsuchiya T, Kurihara T, Ishii K, Tsuji 
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INTRODUCTION 

Recent advancements in technology have expanded the 
role of diagnosis by ultrasonography (US) in biliopan¬ 
creatic diseases. Ultrasonography is useful because it is 
non-invasive and images can be obtained in real time. 
However, visualization is sometimes difficult in the pres¬ 
ence of bone, gas and air, and thus has the problem of 
diminished objectivity. Real-time virtual sonography 
(RVS) (Hitachi-Aloka Medical Ltd., Tokyo, Japan) is a 
technological system that was developed in an attempt to 
resolve such problems. 

This method merges ultrasound images with informa¬ 
tion from computed tomography (CT) images to produce 
the displayed image. In other words, the CT volume data 
is pre-stored into the device and the real-time ultrasound 
image is displayed simultaneously while the virtual view is 
reconstructed as a CT-multiplanar reconstruction (MPR) 
image from the stored volume data 1 ' 1 . This is one method 
of compensating for the decreased objectivity in ultra¬ 
sound diagnosis. This method is used during navigation 
in ultrasound-guided treatment and its usefulness has 
been reported in the field of liver disease 12 " 1 ’ 1 ; however, 
no data has been presented in the field of biliopancreatic 
disease. 


MATERIALS AND METHODS 

Aim 

The RVS system was applied on patients with biliopan¬ 
creatic disease to investigate its usefulness and potential. 
The aim of the evaluation was to assess how the target 
lesion was correlated with the surrounding organs and 
blood vessels. 

Materials 

RVS was performed on 15 biliopancreatic patients at our 
department. Among the patients, 6 had pancreatic can¬ 
cer, 1 had pancreatic endocrine tumor, 2 had gall bladder 
cancer, 4 had bile duct cancer, 1 had cholangiocellular 
carcinoma, and 1 had cholecystolithiasis. 

Device 

The RVS system (Figure 1) is made up of an ultrasound 
diagnostic device EUB-8500 (Hitachi-Aloka Medical 
Ltd., Tokyo, Japan), the EUP-C514 probe (Hitachi-Aloka 
Medical Ltd., Tokyo, Japan), which is a convex type, a 
personal computer (PC) and a magnetic position sensor 
unit to detect the position of the probe. Pre-scanned CT 
volume data is stored in a medium such as a compact 
disc read-only memory or PC using digital imaging and 
communication in medicine specifications via a local area 
network. The PC can display the images at a high speed 
of approximately 11 frames/s, with each frame being 256 
X 256 pixels of virtual sonography. The PC is equipped 
with a magnetic position sensor unit to obtain informa¬ 
tion on the position of the probe. The magnetic posi¬ 
tion sensor unit consists of the main unit, a magnetism 


generator and a magnetic sensor. When the magnetism 
generator is placed close to the patient, the magnetic sen¬ 
sor attaches to the probe. On CT, by performing imaging 
of very thin slices (approximately 1 mm) by multidetector 
CT (MDCT) of at least 16 rows, the minimum volume 
data required to reconstruct MPR images can be collect¬ 
ed. In our department, 32-row MDCT is used to collect 
volume data by 3-planar contrast imaging. 

Obtaining information on probe position and its 
calibration 

Information of the ultrasound probe position is obtained 
by the magnetic position sensor connected to the PC. 
The information obtained by this sensor is on its relative 
position to the magnetic sensor. Therefore, to prepare an 
MPR image that fits the ultrasound plane, it is necessary 
to decide on the pre-stored CT volume data and the posi¬ 
tion (reference point) of the ultrasound image. Ensiform 
cartilage that is palpable from the body surface is the 
ideal reference point. This is used to adjust the position 
(calibration). Apart from ensiform cartilage, calibration 
can also be performed using metal markers placed in the 
vasculature, kidneys, umbilical cord or body surface. In 
our department, calibration is mainly performed using 
ensiform cartilage. After the calibration, the ultrasound 
image obtained from the ultrasound scanning is displayed 
simultaneously. The virtual sonography-processing pro¬ 
gram in the PC detects the probe position and angle, re¬ 
constructs the corresponding planar image from tire CT 
volume data, and displays it as an MPR image (Figure 2). 

Definitions 

The respective RVS images are evaluated based on 3 lev¬ 
els, namely, Excellent: hardy any displacement in position, 
Good: midway between Excellent and Poor, and Poor: 
major displacement in position. The RVS images were 
stored in video form and were evaluated by 3 gastroen¬ 
terologists (Sofuni A, Itoi T, Itokawa F) with at least 8 
years of experience in abdominal sonography evaluation. 


RESULTS 

The results were based on the decisions of the majority, 
and the result of an actual case is shown in Table 1. The 
resulting evaluation levels of the RVS images were 12 
excellent (pancreatic cancer, bile duct cancer, cholecys¬ 
tolithiasis and cholangiocellular carcinoma) and 3 good 
(pancreatic cancer and gallbladder cancer). The evalua¬ 
tion of the RVS image in the patient with pancreatic en¬ 
docrine tumor was excellent (Figure 3). The diagnosis by 
endoscopic ultrasound-guided fine needle aspiration was 
poorly differentiated neuroendocrine carcinoma. The re¬ 
lationship between the tumor and the celiac artery posed 
a problem in terms of choice of treatment. With the RVS 
image, the ultrasound showed no vascular irregularity, and 
the boundary between the tumor, celiac artery (CA) and 
splenic artery (SPA) remained intact, thus surgery was 
performed. Even when surgery was performed, there was 
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Ultrasound 


Magnetic generator 



Magnetic position sensing unit 


Probe 


Magnetic sensor 



Magnetic field 


Figure 1 Real-time virtual sonography system. Pre-scanned computed tomography volume data are processed in the main body of the ultrasound machine. 




Synchronization 


Figure 2 Calibration process. Transfer of the obtained computed tomography (CT) volume data; configuration of the settings for the standard landmark (ensiform 
cartilage/aorta/portal vein/other); and positional information of the probe is sensed. According to the probe sensor, the multiplanar reconstruction image is shown as 
an optimal angled plane. 


no invasion into the arteries. With RVS, the positional re¬ 
lationship between the CA and the tumor could be evalu¬ 
ated objectively and was useful in judging whether or not 
surgery should be performed. Similarly, the positional 
relationship between the tumor mass and die vasculature 
could be assessed objectively, even in the cases where 
images of pancreatic cancer (Figure 4A, B) and bile duct 
cancer (Figure 4C-F) were judged as excellent. It was also 
useful in understanding the stage of progression and ana¬ 
tomical relationship. A good case (gall bladder cancer) is 
shown in Figure 4G. 

[£ 

T 

Jgaishideng® 


DISCUSSION 

US is a generally subjective examination and is considered 
to lack objectivity, particularly in the staging of malignant 
tumors. By combining the objectivity of CT with the 
obscureness in the free scanning of US, it was possible to 
easily interpret the relationship between the lesions and 
the surrounding organs, as well as the position of vascu¬ 
lar structures. Based on the results, incorporation of the 
objectivity of CT into voluntary scanning with an ultra¬ 
sound probe facilitated understanding of the positional 
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Figure 3 Pancreatic endocrine tumor (excellent case). A: Invasive pancreatic mass (60 mm) in body tail. B: Evaluation of the relationship between celiac artery (CA) 
and splenic artery (SPA): there was no vascular irregularity and the boundary between the tumor and CA/SPA remained intact. 


Table 1 Characteristics of patients 


No. 

Case 

Age Sex 
<yr) 

BMI 

(kg/m 2 ) 

Breath- 

holding 

Evaluation 

1 

Pancreatic cancer 

76 

M 

18.1 

Possible 

Excellent 

2 

Pancreatic endocrine 

tumor 

65 

F 

23.2 

Possible 

Excellent 

3 

Pancreatic cancer 

73 

F 

21.3 

Possible 

Excellent 

4 

Pancreatic cancer 

77 

M 

19.2 

Possible 

Excellent 

5 

Pancreatic cancer 

65 

M 

22.2 

Possible 

Good 

6 

Pancreatic cancer 

49 

M 

19.7 

Possible 

Excellent 

7 

Pancreatic cancer 

58 

F 

21.4 

Possible 

Excellent 

8 

Bile duct cancer 

81 

F 

12.7 

Impossible 

Excellent 

9 

Bile duct cancer 

79 

F 

22.2 

Possible 

Excellent 

10 

Bile duct cancer 

76 

F 

21.5 

Possible 

Excellent 

11 

Bile duct cancer 

68 

M 

23.3 

Possible 

Excellent 

12 

Gallbladder cancer 

80 

M 

25.1 

Possible 

Good 

13 

Gallbladder cancer 

63 

F 

21.2 

Possible 

Good 

14 

Cholecystolithiasis 

73 

M 

19.6 

Possible 

Excellent 

15 

Cholangiocellular 

carcinoma 

68 

F 

21.7 

Possible 

Excellent 


M: Male; F: Female; BMI: Body mass index. 


relationships among the lesion, the surrounding organs 
and vasculature, and the structure of the lesion itself. Ac¬ 
cording to the study, this RVS system, combined with US 
and CT, also confirmed the comparatively precise diagno¬ 
sis in US imaging. Moreover, this system compensates for 
each of the deficiencies of US and CT, and it becomes 
possible to provide more detailed information and make 
a more precise diagnosis. 

US is usually more useful than CT in judging detailed 
imaging and the relationships with surrounding struc¬ 
tures, and moreover, it is possible to consider the RVS 
system as providing images of detailed processes conve¬ 
niently and in real time. For example, in Figure 3, it seems 
that the tumor invaded the blood vessel on CT imaging, 
but the RVS system showed that the tumor had not in¬ 
vaded the blood vessel. Therefore, RVS can aid in making 
a precise diagnosis when CT is unable to make judgments 
on the staging. 

Compared with conventional B-mode US and CT, 
RVS images achieved a rate of 80% superior visualization 
and 20% better visualization, according to the statistics. 


The RVS visualization of lesions and the surrounding or¬ 
gans of all patients provided the objectivity and detailed 
imaging information for diagnosis lacking in conventional 
B-mode US and CT. It is also suggested to be useful 
when applied to making a diagnosis on the existence and 
stage of progression of malignant tumors, and the evalu¬ 
ation of infiltration into major blood vessels. Further 
studies in more patients are required to examine the ap¬ 
plicability of this method to the diagnosis of malignant 
diseases and the extent of disease progression, including 
assessment of infiltration into major blood vessels. This 
needs to be investigated further in a larger number of pa¬ 
tients. 

Considering the investigations we have performed 
using RVS on patients in our department to date, the 
advantages and disadvantages of RVS are as outlined 
below. Five advantages are recognized at present: (1) 
CT objectivity in real-time sonographic images makes 
it easy to understand the structure and positional rela¬ 
tionship between the lesion and the surrounding organs 
and vasculature; (2) it provides supportive education for 
surgeons and physicians that lack experience; (3) MPR 
images obtained by multi-slicing using the familiar opera¬ 
tions of the ultrasound probe can be visualized instantly; 
(4) the display screen can be switched between the arterial 
phase, portal vein phase, and equilibrium phase (applies 
to the hemodynamics of the lesion and evaluation of the 
vasculature) by a simple operation; and (5) the common 
bile duct and pancreas are not affected by variations in 
breathing as much as the liver. There are 5 disadvantages: 
(1) the positions of the images during CT scanning 
and those of the US images are easily displaced due to 
breatiling variations (liver > biliopancreatic area); (2) with 
only 1 reference point, synchronization of the position 
tends to be inadequate; (3) progression, infiltration and 
vascular evaluation are time-consuming and may put a 
strain on patients; (4) the focus is mainly on CT, thus 
US evaluation tends to be poor; and (5) the calibration 
is time-consuming. It is preferable to perform RVS after 
considering these advantages and disadvantages. 

The main problem in the present RVS system is that 
when the position is displaced, calibration becomes time- 
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Figure 4 The resulting evaluation levels of the real-time virtual sonography images were 12 excellent (pancreatic cancer, bile duct cancer, cholecystolithia- 
sis and cholangiocellular carcinoma) and 3 good (pancreatic cancer and gallbladder cancer). A: Pancreatic cancer (excellent case); the positional relationships 
among the tumor and vessels [superior mesenteric artery (SMA) and superior mesenteric vein, (SMV)] were well evaluated; B: Pancreatic cancer (excellent case); the 
positional relationships among the tumor, vessels [portal vein (PV)], common bile dilatation (CBD), and main pancreatic duct (MPD) were well evaluated; C: Bile duct 
cancer (excellent case); the positional relationships among the tumor and vessels (SMA, SMV and PV) were well evaluated; D: Bile duct cancer (excellent case); the 
positional relationship between the tumor and CBD was well evaluated; E: Bile duct cancer (excellent case); the positional relationships among the tumor and vessels 
[proper hepatic artery (PHA), right hepatic artery (RHA), PV] were well evaluated; F: Bile duct cancer (excellent case); the positional relationships among the tumor 
and vessels [RHA, PV and inferior vena cava (IVC)] were well evaluated; G: Gallbladder cancer (good case); there was a gap in the positional relationships among 
the tumor and vessels. 


consuming. At Hitachi-Aloka Medical Ltd., an ultrasound 
phantom was prepared to examine the precision, and 
RVS was performed using simulated CT. As a result, dis¬ 
placement of the position of the slicing plane tended to 
depend on the distance between the magnetism genera¬ 
tor and the magnetic sensor. However, the distance was 
reported to be approximately + 5 mm within a range of 
70 cm with the magnetism generator as the center. In ad¬ 
dition, with only 1 -point calibration, there is displacement 
of the position. Therefore, multiple-point calibration is 
important. Precision for calibration needs to be improved 
by taking these factors into consideration. Moreover, in 
actual clinical settings, the position of organs may also 
vary according to the posture and depth of respiration 
of the subject. Errors can also arise due to these factors; 
therefore, a corrective function for positional displace¬ 
ment as in the synchronization of breathing needs to be 
installed in the device. In addition, recent advances in 
computer and laser technologies have enabled the con¬ 
struction of MPR images of MDCT to be performed 
easily even with a notebook PC. Taking these points into 
consideration, one can say that the superiority of RVS is 
its potential in the areas of therapy and education. 

Apart from diagnosis, RVS is now commonly used 


to assist treatment under ultrasound guidance in liver 
disease. Even in the biliopancreatic area, particularly with 
pancreatic cancer, focused ultrasound treatment and high 
intensity focused ultrasound (HIFU) treatment are now 
being performed' 141 . In the current HIFU, treatment pro¬ 
gresses while looking at the 2D ultrasound image. The 
application of this method allows easy understanding of 
the range of treatment, and safe treatment can be per¬ 
formed objectively. 

This study suggests that RVS is useful when applied 
to making a diagnosis on the existence and stage of pro¬ 
gression of malignant tumors, and making evaluations of 
infiltration into major blood vessels, in spite of some dis¬ 
advantages. Further improvement and progress of RVS 
is expected in the field of therapy. 


COMMENTS 


Background 

Ultrasonography (US) is non-invasive, and images can be obtained in real time. 
However, visualization is sometimes difficult with the presence of bone, gas 
and air, and thus has the problem of diminished objectivity. Real-time virtual so¬ 
nography (RVS) is a technological system that was developed in an attempt to 
resolve such problems. This is one method of compensating for the decreased 
objectivity in ultrasound diagnosis. This method is used during navigation in 
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ultrasound-guided treatment and its usefulness has been reported in the field of 
liver disease; however, no data has been presented in the field of biliopancre¬ 
atic disease. 

Research frontiers 

The frontiers of research are in the fields of diagnosis and therapy for biliopan¬ 
creatic disease. 

Innovations and breakthroughs 

The usefulness of the RVS system has been reported in the field of liver 
disease; however, no data has been presented in the field of biliopancreatic 
disease. RVS is useful when applied to making a precise diagnosis on the exis¬ 
tence and stage of progression of malignant tumors, and making evaluations of 
infiltration into major blood vessels. Recently, therapies using ultrasound for bil¬ 
iopancreatic disease have been developed. Further improvement and progress 
of RVS is expected in the field of therapy. 

Applications 

The RVS system combined with US and computed tomography (CT) compen¬ 
sates for each of the deficiencies of US and CT, and it becomes possible to 
provide more detailed information and make a more precise diagnosis. More¬ 
over, it is possible to consider the RVS system as providing images of detailed 
processes conveniently and in real time. Therefore, this system is useful in the 
case in which the detailed information and positional relationships among the 
lesions are needed for a precise diagnosis. 

Terminology 

RVS can be used to observe an ultrasound image in real time by merging 
the ultrasound image with a multiplanar reconstruction CT image, using pre¬ 
scanned CT volume data. The RVS system combined with US and CT compen¬ 
sates for each of the deficiencies of US and CT. 

Peer review 

This is a good study of the usefulness of RVS in biliary and pancreatic dis¬ 
eases. Twelve patients with biliary and pancreatic diseases in whom the com¬ 
bination of the objectivity of CT with free scanning using RVS was observed. 
This study showed that the visualization in biliary and pancreatic diseases 
using RVS had the objectivity and the detailed imaging for diagnosis lacking in 
conventional B-mode US and CT. This new technique has potential usefulness 
in visualizing and diagnosing biliary and pancreatic diseases in the future. Even 
though the patient numbers were small, the paper has the potential data to be 
used at the clinic for appropriate diagnosis. 


REFERENCES 

1 Oshio K, Shinmoto H. Simulation of US imaging by using a 
CT data set. Radiology 1996; 201 Suppl: 517. Available from: 
URL: http://serials.unibo.it/cgi-ser/start/en/spogli/df-s. 
tcl?prog_art=2201452&language=ENGLISH&view=articoli 

2 Minami Y, Kudo M, Chung H, Inoue T, Takahashi S, Hat- 
anaka K, Ueda T, Hagiwara H, Kitai S, Ueshima K, Fuku- 
naga T, Shiozaki H. Percutaneous radiofrequency ablation of 
sonographically unidentifiable liver tumors. Feasibility and 
usefulness of a novel guiding technique with an integrated 
system of computed tomography and sonographic images. 
Oncology 2007; 72 Suppl 1: 111-116 [PMID: 18087191 DOI: 
10.1159/000111716] 

3 Kawasoe H, Eguchi Y, Mizuta T, Yasutake T, Ozaki I, Shi- 
monishi T, Miyazaki K, Tamai T, Kato A, Kudo S, Fujimoto 
K. Radiofrequency ablation with the real-time virtual sonog¬ 
raphy system for treating hepatocellular carcinoma difficult 


l£ 

j 3 „iI£L 9 * WJG | www.wjgnet.com 7425 


to detect by ultrasonography. ] Clin Biochem Nutr 2007; 40: 
66-72 [PMID: 18437215 DOI: 10.3164/jcbn.40.66] 

4 Kitada T, Murakami T, Kuzushita N, Minamitani K, Nakajo 
K, Osuga K, Miyoshi E, Nakamura H, Kishino B, Tamura S, 
Hayashi N. Effectiveness of real-time virtual sonography- 
guided radiofrequency ablation treatment for patients with 
hepatocellular carcinomas. Hepatol Res 2008; 38: 565-571 
[PMID: 18218008 DOI: 10.1111/j.l872-034X.2007.00308.x] 

5 Crocetti L, Lencioni R, Debeni S, See TC, Pina CD, Bartolozzi 
C. Targeting liver lesions for radiofrequency ablation: an 
experimental feasibility study using a CT-US fusion imaging 
system. Invest Radiol 2008; 43: 33-39 [PMID: 18097275 DOI: 
10.1097/RLI.0b013e31815597dc] 

6 Sandulescu L, Saftoiu A, Dumitrescu D, Ciurea T. Real-time 
contrast-enhanced and real-time virtual sonography in the 
assessment of benign liver lesions. ] Gastrointestin Liver Dis 
2008; 17: 475-478 [PMID: 19104714] 

7 Sandulescu L, Saftoiu A, Dumitrescu D, Ciurea T. The role 
of real-time contrast-enhanced and real-time virtual sonog¬ 
raphy in the assessment of malignant liver lesions. ] Gastro¬ 
intestin Liver Dis 2009; 18: 103-108 [PMID: 19337645] 

8 Nakai M, Sato M, Sahara S, Takasaka I, Kawai N, Minami- 
guchi H, Tanihata H, Kimura M, Takeuchi N. Radiofrequen¬ 
cy ablation assisted by real-time virtual sonography and CT 
for hepatocellular carcinoma undetectable by conventional 
sonography. Cardiovasc Intervent Radiol 2009; 32: 62-69 [PMID: 
18987911 DOI: 10.1007/s00270-008-9462-x] 

9 Okamoto E, Sato S, Sanchez-Siles AA, Ishine J, Miyake T, 
Amano Y, Kinoshita Y. Evaluation of virtual CT sonography 
for enhanced detection of small hepatic nodules: a prospec¬ 
tive pilot study. AJR Am J Roentgenol 2010; 194: 1272-1278 
[PMID: 20410414 DOI: 10.2214/AJR.08.2294] 

10 Kasuya K, Sugimoto K, Kyo B, Nagakawa Y, Ikeda T, Mori Y, 
Wada T, Suzuki M, Nagai T, Itoi T, Shimazu M, Aoki T, Tsu- 
chida A. Ultrasonography-guided hepatic tumor resection 
using a real-time virtual sonography with indocyanine green 
navigation (with videos). ] Hepatobiliary Pancreat Sci 2011; 18: 
380-385 [PMID: 21127911] 

11 Liu FY, Yu XL, Liang P, Cheng ZG, Han ZY, Dong BW, 
Zhang XH. Microwave ablation assisted by a real-time 
virtual navigation system for hepatocellular carcinoma 
undetectable by conventional ultrasonography. Eur ] Ra¬ 
diol 2012; 81: 1455-1459 [PMID: 21477961 DOI: 10.1016/ 
j.ejrad.2011.03.057] 

12 Minami Y, Kitai S, Kudo M. Treatment response assessment 
of radiofrequency ablation for hepatocellular carcinoma: 
usefulness of virtual CT sonography with magnetic naviga¬ 
tion. Eur ] Radiol 2012; 81: e277-e280 [PMID: 21392916 DOI: 
10.1016/j.ejrad.2011.02.026] 

13 Sandulescu DL, Dumitrescu D, Rogoveanu I, Saftoiu A. Hy¬ 
brid ultrasound imaging techniques (fusion imaging). World 
] Gastroenterol 2011; 17: 49-52 [PMID: 21218083 DOI: 10.3748/ 
wjg.vl7.il.49] 

14 Sofuni A, Moriyasu F, Sano T, Yamada K, Itokawa F, 
Tsuchiya T, Tsuji S, Kurihara T, Ishii K, Itoi T. The current 
potential of high-intensity focused ultrasound for pancre¬ 
atic carcinoma. ] Hepatobiliary Pancreat Sci 2011; 18: 295-303 
[PMID: 21360084 DOI: 10.1007/s00534-010-0355-4] 

P- Reviewers: Chowdhury P, Pezzilli R S- Editor: Gou SX 
L- Editor: Cant MR E- Editor: Wu HL 



November 14, 2013 | Volume 19 | Issue 42 | 





J 


World Journal of 

Gastroenterology 


Online Submissions: http://www.wjgnet.com/esps/ World ] Gastroenterol 2013 November 14; 19(42): 7426-7432 

bpgoffice@wjgnet.com ISSN 1007-9327 (print) ISSN 2219-2840 (online) 

doi:10.3748/wjg.vl9.i42.7426 © 2013 Baishideng Publishing Group Co., Limited. All rights reserved. 


(B%I£F ARTICLE 


Hemorrhagic gastric and duodenal ulcers after the Great 
East Japan Earthquake Disaster 


Kenichi Yamanaka, Hiroyuki Miyatani, Yukio Yoshida, Shinichi Asabe, Toru Yoshida, Misaki Nakano, 
Shin Obara, Hidehiko Endo 


Kenichi Yamanaka, Misaki Nakano, Department of Gastro¬ 
enterology, Iwate Prefectural Kamaishi Hospital, Kamaishi 
026-8550, Japan 

Hiroyuki Miyatani, Yukio Yoshida, Shinichi Asabe, Depart¬ 
ment of Gastroenterology, Jichi Medical University, Saitama 
Medical Center, Saitama 330-8503, Japan 
Torn Yoshida, Shin Obara, Hidehiko Endo, Department of Sur¬ 
gery, Iwate Prefectural Kamaishi Hospital, Kamaishi 026-8550, 
Japan 

Author contributions: Yamanaka K, Miyatani H, Yoshida Y, 
Yoshida T, Nakano M, Obara S, Endo H designed the research; 
Yamanaka K performed the research and analyzed the data, and 
wrote the paper; Asabe S revised the manuscript critically. 
Correspondence to: Kenichi Yamanaka, MD, Department of 
Gastroenterology, Iwate Prefectual Kamaishi Hospital, 10-483-6 
Kasshi-cho, Kamaishi-shi, Iwate 026-8550, 

Japan, stfchono@hotmail.com 
Telephone: +81-193-252011 Fax: +81-193-239479 
Received : May 20,2013 Revised : September 1 8, 2013 

Accepted: September 29, 2013 
Published online: November 14, 2013 


Abstract 

AIM: To elucidate the characteristics of hemorrhagic 
gastric/duodenal ulcers in a post-earthquake period 
within one medical district. 

METHODS: Hemorrhagic gastric/duodenal ulcers in 
the Iwate Prefectural Kamaishi Hospital during the 6-mo 
period after the Great East Japan Earthquake Disaster 
were reviewed retrospectively. The subjects were 27 
patients who visited our hospital with a chief complaint 
of hematemesis or hemorrhagic stool and were diag¬ 
nosed as having hemorrhagic gastric/duodenal ulcers by 
upper gastrointestinal endoscopy during a 6-mo period 
starting on March 11, 2011. This period was divided into 
two phases: the acute stress phase, comprising the first 
month after the earthquake disaster, and the chronic 
stress phase, from the second through the sixth month. 


The following items were analyzed according to these 
phases: age, sex, sites and number of ulcers, peptic ulcer 
history, status of Helicobacter pylori {H. pylori) infection, 
intake of non-steroidal anti-inflammatory drugs, and de¬ 
gree of impact of the earthquake disaster. 

RESULTS: In the acute stress phase from 10 d to 1 
mo after the disaster, the number of patients increased 
rapidly, with a nearly equal male-to-female ratio, and 
the rate of multiple ulcers was significantly higher than 
in the previous year (88.9% vs 25%, P < 0.005). In 
the chronic stress phase starting 1 mo after the earth¬ 
quake disaster, the number of patients decreased to a 
level similar to that of the previous year. There were 
more male patients during this period, and many pa¬ 
tients tended to have a solitary ulcer. All patients with 
duodenal ulcers found in the acute stress phase were 
negative for serum H. pylori antibodies, and this was 
significantly different from the previous year's positive 
rate of 75% (P < 0.05). 

CONCLUSION: Severe stress caused by an earth¬ 
quake disaster may have affected the characteristics of 
hemorrhagic gastric/duodenal ulcers. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved. 

Keywords: Great East Japan Earthquake Disaster; 
Hemorrhagic gastric; Duodenal ulcer; Helicobacter py¬ 
lori infection; Stress 


Core tip: We determined the characteristics of hemor¬ 
rhagic gastric/duodenal ulcers in the post-earthquake 
period within one medical district. We divided hem¬ 
orrhagic gastric/duodenal ulcers into two groups, 
the acute stress phase group, consisting of the first 
month after the earthquake disaster, and the chronic 
stress phase group, from the second through the sixth 
month. We concluded that severe stress caused by this 
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earthquake disaster exacerbated the characteristics of 
hemorrhagic gastric/duodenal ulcers. 


Yamanaka K, Miyatani H, Yoshida Y, Asabe S, Yosliida T, Nakano 
M, Obara S, Endo H. Hemorrhagic gastric and duodenal ulcers 
after the Great East Japan Earthquake Disaster. World J Gastro¬ 
enterol 2013; 19(42): 7426-7432 Available from: URL: http:// 
www.wjgnet.com/1007-9327/full/vl9/i42/7426.htm DOI: http:// 
dx.doi.org/10.3748/wjg.vl9.i42.7426 


INTRODUCTION 

Iwate Prefectural Kamaishi Hospital is located in the 
southern coastal area of Iwate Prefecture and is a re¬ 
gional core hospital with 15 departments and 272 beds 
in the Kamaishi medical district (Figure 1). This hospital 
is a core disaster hospital in the medical district, which 
has a population of approximately 55000. In the Great 
East Japan Earthquake Disaster that occurred on March 
11, 2011, the Pacific coastal regions of East Japan suf¬ 
fered devastating damage from the earthquake itself 
and the consequent tsunami. Our hospital remained 
functional enough to accept all patients transported by 
ambulance from within the medical district, even after 
the disaster. The East Japan Earthquake Disaster signifi¬ 
cantly increased the occurrences of cardiovascular dis¬ 
ease, respiratory disease, and cerebrovascular disease 11 *’ 1 . 
Since the number of patients visiting our hospital with 
hemorrhagic gastric/duodenal ulcers increased after this 
disaster, we compared those patients with the analogous 
patient population in 2010, the pre-earthquake period. 
This study aimed to elucidate the characteristics of ul¬ 
cers in the post-earthquake period within our medical 
district. 


MATERIALS AND METHODS 

This study included 27 patients who visited our hospital 
with a chief complaint of hematemesis or hemorrhagic 
stool and were diagnosed as having hemorrhagic gas¬ 
tric/ duodenal ulcers by upper gastrointestinal endoscopy 
during a 6-mo period starting on March 11, the day of 
the earthquake disaster, until September 10, 2011. This 
period was divided into 2 phases: the acute stress phase, 
comprising the first month after the earthquake disaster, 
and the chronic stress phase, from the second through 
the sixth month. The following items were analyzed ac¬ 
cording to these phases: age, sex, sites and number of 
ulcers, peptic ulcer history, status of Helicobacter pylori (H. 
pylori) infection, intake of non-steroidal anti-inflammato¬ 
ry drugs (NSAIDs), and degrees of impact of the earth¬ 
quake disaster. Moreover, these data were compared with 
those obtained from 27 consecutive patients who visited 
our hospital with a chief complaint of hematemesis or 
hemorrhagic stool and were diagnosed as having hemor¬ 
rhagic gastric/duodenal ulcers by upper gastrointestinal 


endoscopy during the same period of the previous year 
(March 11 to September 10, 2010). Rates of hemor¬ 
rhagic gastric/duodenal ulcers reportedly increased after 
the earthquake disaster 11 " 1 . We performed endoscopy 
only on patients who presented with a chief complaint 
of hematemesis or hemorrhagic stool during the first 
few months after the earthquake disaster, so only pa¬ 
tients with confirmed hemorrhagic gastric/duodenal 
ulcers were included in this study. The status of H. pylori 
infection was determined by serum antibody titer. If the 
antibody titer was more than 10 U/mL, the patient was 
considered H. pylori positive. The titers of two patients 
were not examined because they were immediately trans¬ 
ferred to other hospitals. 


RESULTS 

Hemorrhagic gastric ulcer 

No patients with hemorrhagic gastric ulcers visited our 
hospital during the first 10 d after the earthquake disas¬ 
ter (Table 1, Figure 2A). 

Acute stress phase (the first month after the earth¬ 
quake disaster): There were 9 patients with ulcers. Com¬ 
pared to the mean number of patients in the previous 
year (3.3 patients/mo in 2010), this number represented 
a marked increase of approximately 3-fold after the 
earthquake disaster, but the difference was not statisti¬ 
cally significant (Table 2). The mean patient age was 68.3 
years, similar to that of the previous year (69.2 years). 
The male-to-female ratio was 6:3. Although it was not 
significantly different from that of the previous year 
(15:5), the percentage of women was higher in the study 
period. Regarding ulcer morphology, multiple ulcers 
were observed in 8 patients (88.9%), and the incidence 
of this form was significantly higher than in the previ¬ 
ous year (25%) (P < 0.005). The most common ulcer site 
was the gastric corpus, seen in 7 patients (77.8%), and 
the rate for this site was similar to that of the previous 
year (85%). Four patients had an ulcer history (44.4%), 
and the proportion of these patients was similar to that 
of the previous year (35%). Five patients were positive 
for serum H. pylori antibodies (55.6%), which was slightly 
lower than the previous year (64%) (not statistically sig¬ 
nificant). 

Chronic stress phase (the second to the sixth month 
after the earthquake disaster): There were 11 patients 
with ulcers, with the mean number being 2.2 patients/ 
mo, indicating a significant decrease compared to the 
number in the acute stress phase (P < 0.05). Moreover, 
the number in the chronic stress phase was smaller than 
that of the previous year (3.3 patients/mo) (not statisti¬ 
cally significant). The mean patient age was 65.8 years, 
again similar to that of the previous year (69.2 years). 
The male-to-female ratio was 8:3, which was also simi¬ 
lar to that of the previous year (15:5). Regarding ulcer 
morphology, multiple ulcers were observed in 5 patients 
(45.5%), which was a significantly lower rate than in the 
acute stress phase (P < 0.05). Moreover, the incidence 
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A Case 


GUs 


□ GUs 


® Case 


DUs 


□ DUs 




Day after the disaster Day after the disaster 

Figure 2 Incidence of hemorrhagic gastric (A) and duodenal (B) ulcers. GUs: Gastric ulcers; DUs: Duodenal ulcers. 


in the chronic stress phase was nearly the same as that 
of the previous year (25%). Regarding ulcer site, ulcers 
were observed in the gastric corpus in 8 patients (72.7%), 
a rate that was similar to that of the previous year (85%). 
Three patients had an ulcer history (27.2%), and the pro¬ 
portion of these patients was nearly the same as that of 
the previous year (35%). Eight patients were positive for 
serum H. pylori antibodies (72.7%), and the proportion 
was similar to that of the previous year (64%). 

Four of 6 patients who were negative for serum H. 
pylori antibodies used neither oral NSAIDs nor steroids 
at any time during the study period. 

Hemorrhagic duodenal ulcer 

No patients with hemorrhagic duodenal ulcers visited 
our hospital during the first 19 d after the earthquake 


disaster (Table 3, Figure 2B). 

Acute stress phase (the first month after the earth¬ 
quake disaster): Three patients had ulcers. Compared to 
the mean number of patients in the previous year (1.2 
patients/mo), this number was higher after the earth¬ 
quake disaster, though it was not statistically significant 
(Table 2). The mean patient age was 68.6 years, similar 
to that of the previous year (57.3 years). The male-to- 
female ratio was 2:1, which was almost the same as that 
of the previous year (5:2). All patients showed multiple 
ulcers on the posterior wall. None of the patients had 
an ulcer history, which was lower than the previous year 
(75%), though not significantly. All patients were nega¬ 
tive for serum H. pylori antibodies, and this was signifi¬ 
cantly different from the previous year (positive rate: 
75%) (P < 0.05). 
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Table 1 Details of patients with gastric ulcers in 2011 

Day Age (yr) 

Sex Location 

Number p.h 

Helicobacter pylori antibody titer Property damage 

Dead of family 

Acute stage 







11 52 

M 

u 

Multiple 

+ 17.4 

Complete 

- 

13 67 

M 

M 

Multiple + 

-6.6 

Complete 

- 

13 64 

F 

L 

Multiple 

- < 3.0 

- 

Grandchild 

17 80 

F 

M 

Multiple 

- < 3.0 

- 

Daughter 

17 80 

F 

M 

Multiple + 

+ unknown 

Partial 

- 

17 61 

F 

M 

Multiple + 

+ 31.0 

- 

- 

21 67 

M 

M 

Multiple + 

+ 18.6 

- 

- 

25 62 

M 

M 

Single 

+ 16.3 

Complete 

- 

27 82 

M 

M 

Multiple 

-6.5 

Partial 

- 

Chronic stage 







66 76 

F 

M 

Multiple + 

- < 3.0 

Complete 

- 

72 73 

M 

u 

Multiple 

+ 22.7 

Complete 

- 

76 59 

M 

u 

Single 

+ 15.5 

Complete 

- 

77 54 

M 

M 

Single 

+ 22.1 

- 

- 

83 75 

F 

M 

Single 

+ 33.3 

Complete 

- 

99 49 

M 

M 

Single 

-5.2 

- 

- 

101 67 

M 

M 

Multiple 

-8.9 

- 

- 

110 57 

M 

M 

Multiple + 

+ 12.1 

Complete 

- 

136 75 

M 

M 

Single 

+ unknown 

- 

- 

158 82 

F 

u 

Multiple + 

+ 27.4 

- 

- 

164 54 

M 

M 

Single 

+ 25.3 

Complete 

Daughter 

i.h.: Past history of peptic ulcer; U: Upper lesion; M: Middle lesion; L: Lower lesion. 

Table 2 Characteristics of patients with gastric ulcers and duodenal ulcers 




2011 acute stage 

2011 chronic stage 

2010 

P value 

GUs 







Number of patients (n) 



9 

11 

20 

NS 

Average number of patient per month 


9 

2.2 

3.3 

< 0.05 a 

Age (yr) 



68.3 

65.5 

69.2 

NS 

Male/ female ratio 



1.3 (5/4) 

2.7 (8/3) 

3 (15/5) 

NS 

Simple/multiple ratio 



0.13 (1/8) 

1.2 (6/5) 

3 (15/5) < 0.05" < 0.005“ 

Helicobacter pylori (+) / (-) 



6/3 

8/3 

7/4 (unknown 9) 

NS 

DUs 







Number of patients ( n ) 



3 

4 

7 

NS 

Average number of patients per month 


3 

0.8 

1.2 

NS 

Age (yr) 



68.6 

56.3 

57.3 

NS 

Male/female ratio 



2(2/1) 

3 (3/1) 

2.5 (5/2) 

NS 

Simple/multiple ratio 



0.5 (1/2) 

3 (3/1) 

1.3 (4/3) 

NS 

Helicobacter pylori (+) / (-) 



0/3 

1/3 

4/2 (unknown 1) 

< 0.05* 

lUs: Gastric ulcers; DUs: Duodenal ulcers. a P < 0.05 between 2011 acute stage 

vs 2011 chronic stage; C P < 0.05, d P < 0.01 between 2011 acute stage vs 2010. 

Chronic stress phas 

e (the second to the sixth month 

in the pathogenesis of peptic ulcers 111 " 161 . 

Stress is also 


after the earthquake disaster): Four patients had ulcers, 
and the mean number of 0.8 patient/mo was similar to 
that of the previous year (1.2 patients/mo). The mean 
patient age was 56.3 years, again similar to that of the 
previous year (57.3 years). The male-to-female ratio was 
3:1, which was also quite similar to that of the previous 
year (5:2). Although 4 patients (100%) had an ulcer his¬ 
tory, there was no significant difference from the previ¬ 
ous year (43%). Three patients were positive for serum H. 
pylori antibodies (75%), and this proportion was similar 
to that of the previous year (67%). 

DISCUSSION_ 

Both H. pylori infection and NSAIDs have major roles 


considered an important causal factor in peptic ulcer 
disease 11 ', and there are studies on the involvement of H. 
pylori infection and stress in the incidence of peptic ul¬ 
cers after the Great Hanshin-Awaji Earthquake Disaster 
in 1995 [18 ‘ 20] . 

In the Great East Japan Earthquake Disaster that 
occurred on March 11, 2011, the Kamaishi medical dis¬ 
trict (population of approximately 55000), where our 
hospital is located, also suffered serious damage due to 
the tsunami, and the combined number of dead and 
missing persons was approximately 2300. Many disaster 
victims also lost their homes. They were forced to stay 
at shelters or to live without adequate infrastructure, 
such as gas, water, and electricity supplies. These disaster 
victims experienced severe and unprecedented stress, 
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Table 3 Details of patients with duodenal ulcers in 2011 


Day Age (yr) 

Sex 

Location 

Number 

p.h. 

Helicobacter pylori antibody titer 

Property damage 

Dead family 

Acute stage 

19 

85 

M 

AW/PW 

Multiple 


- < 3.0 

Complete 

Wife 

23 

51 

M 

PW 

Single 

- 

- < 3.0 

Complete 

- 

25 

70 

F 

PW 

Multiple 

- 

- < 3.0 

Complete 

Son 

Chronic stage 
35 

59 

M 

PW 

Single 

+ 

-3.4 

Complete 

. 

65 

72 

F 

AW/PW 

Multiple 

+ 

10.3 

- 

- 

87 

59 

M 

PW 

Single 

+ 

15.5 

- 

- 

159 

35 

M 

AW 

Single 

+ 

34.3 

- 

- 


p.h.: Past history of peptic ulcer; AW: Anterior wall; PW: Posterior wall. 


which persisted for a considerable period of time. In 
this study, the acute stress phase was defined as the first 
month, when numerous aftershocks occurred and when 
the disaster victims lived under extremely severe stress 
due to poor living conditions. The chronic stress phase 
was defined as the period from the second through sixth 
month after the earthquake disaster. We analyzed the 
clinical and demographic data of ulcer patients for each 
period. 

Because the emergency transport routes were re¬ 
stored the day after the earthquake, many patients were 
transported to our hospital immediately after this disas¬ 
ter. Nevertheless, the day when the first patient visited 
our hospital with a chief complaint of hematemesis or 
hemorrhagic stool after the earthquake was March 22, 
lid after the disaster. Subsequently, the number of 
patients visiting our hospital with one of these chief 
complaints gradually increased, and 12 patients (mean: 
3 patients/wk) with hemorrhagic gastric/duodenal ulcer 
visited in the first month. Because the mean number 
of patients with hemorrhagic gastric/duodenal ulcers 
for a period of 6 mo starting March 11, 2010, had been 
1.13 patients/wk, there was an apparent increase after 
the March 11, 2011 earthquake disaster. However, the 
number rapidly decreased after the first month, and the 
subsequent mean number was 0.75 patient/wk, which 
was slightly lower than that of the previous year. 

Matsuura et aP' ] studied upper gastrointestinal bleeding 
after the Great East Japan Earthquake Disaster and found 
that there were few patients immediately after the earth¬ 
quake disaster but that the number increased from a few 
days to 1 mo after die disaster. According to a study con¬ 
ducted in 1998 on peptic ulcers occurring after the Great 
Hanshin-Awaji Earthquake Disaster 1181 , Aoyama et a / [IS| also 
reported that the number of patients decreased during 
the first 2 wk after the earthquake disaster as compared 
to the previous year, then increased during the third 
through fourth weeks, and returned to a similar level to 
that of the previous year from the fifth through sixth 
weeks. Takakura et aP 21 also reported that the number of 
patients with gastric ulcers increased by 4-fold 2 wk after 
the Great Hanshin-Awaji Earthquake Disaster, gradu¬ 
ally decreased thereafter, and it had returned to near the 
level of the previous year 2.5 mo later. Our data show a 


similar trend to these reports. The increase in the num¬ 
ber of patients during the acute stress phase strongly 
suggests that severe stress due to the violent earthquake 
and consequent tsunami contributed to the ulcer inci¬ 
dence. We have no clear explanation why the incidence 
of hemorrhagic gastric/duodenal ulcers was low during 
the first 10 d after the earthquake disaster, a time when 
the disaster victims were under extremely severe stresses 
concerning matters of life and death. It was assumed 
that stressful conditions might need to persist for a cer¬ 
tain period of time before the breakdown of biological 
defense mechanisms. 

The male-to-female ratio of gastric ulcer patients 
was 6:3. However, the ratio in the chronic stress phase 
was 8:3, a higher percentage of men. The examination 
of the data obtained during the same period in 2010 at 
our hospital also shows that the male-to-female ratio was 
15:5, indicating a trend for a much higher percentage of 
men. Moreover, a study conducted in Japan found that 
the male-to-female ratio among peptic ulcer patients was 
71:29, indicating that this disease occurs approximately 
2.4 times more frequently in men than in women 1 "' 1 . 
Based on a comparison of these data, an approximately 
equal incidence between men and women might be one 
of the characteristics of gastric ulcer presumably caused 
by acute stress after an earthquake disaster. Meanwhile, 
the male-to-female ratios for duodenal ulcer were 2:1 in 
the acute stress phase and 3:1 even in the chronic stress 
phase. These ratios were essentially consistent with the 
trends observed in most studies, and we assume that 
there are gender differences in the incidence of gastric 
and duodenal ulcers caused by acute stress. 

The mean age of patients with gastric ulcers was 68.3 
or 65.5 years old in the acute stress phase or chronic 
stress phase, respectively, which were not significantly 
different. The mean ages of those with duodenal ulcers 
were 68.6 and 56.3 years, respectively, indicating that the 
patients tended to be older in the acute stress phase. 

Regarding the number of gastric ulcer lesions, mul¬ 
tiple ulcers were observed in 8 (88.9%) of 9 patients 
in the acute stress phase. On the other hand, multiple 
ulcers were observed in 5 (45.5%) of 11 patients in the 
chronic stress phase, and an increase in the number of 
patients with a solitary ulcer was documented. Regarding 
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the number of duodenal ulcer lesions, multiple ulcers 
were observed in 2 (66.7%) of 3 patients in the acute 
stress phase. In the chronic stress phase, only 1 (25%) of 

4 patients had multiple ulcers. According to the data on 
patients at our hospital during the same period in 2010, 

5 (25%) of 20 patients had multiple gastric ulcers, and 3 
(42.9%) of 7 patients had multiple duodenal ulcers. Thus, 
both hemorrhagic gastric and duodenal ulcers in the acute 
stress phase were often multiple. Kanno et al { ^ ] reported 
that post-disaster hemorrhagic ulcers were frequently 
observed in the stomach as multiple ulcers at the same 
time. 

Five (55.6%) of 9 patients in the acute stress phase 
and 8 (72.7%) of 11 patients in the chronic stress phase 
were positive for H. pylori antibodies. All patients of 
hemorrhagic gastric/duodenal ulcers had no history of 
eradication therapy of H. pylori. During the same period 
in 2010 (excluding unknown cases), 7 (63.6%) of 11 pa¬ 
tients were H. pylori positive, a number similar to that af¬ 
ter the earthquake disaster. In contrast, none of the 3 pa¬ 
tients with duodenal ulcers was positive for H. pylori an¬ 
tibodies in the acute stress phase, and this incidence was 
significantly lower than that of the chronic stress phase, 
in which 4 (100%) of 4 patients were positive. During 
the same period in 2010, 4 (66.7%) of 6 patients with 
duodenal ulcers were positive for H. pylori antibodies. 

The rate of peptic ulcer not associated with the use of 
drugs, such as NSAIDs, in Japanese patients negative for 

H. pylori infection was reported by Aoyama et af a '' to be 

I. 9% to 5.1% and by Nishikawa et «/ 261 to be 1.3%. How¬ 
ever, Kanno et tf/ 1 2 " 1 reported that patients with non-H. 
pylori and non-NSAID gastroduodenal ulcers accounted 
for as many as 24% of cases after the Great East Japan 
Earthquake Disaster, and their analysis showed that there 
were many cases with ulceration attributable to stress. In 
this study, 8 (29.6%) of 27 patients, including those with 
gastric/duodenal ulcers, were negative for H. pylori anti¬ 
bodies and had not taken oral NSAIDs. The incidence 
of such cases was extremely high. All 8 patients were 
experiencing overwhelming stress. For example, they 
had dead or missing family members or were forced to 
stay at shelters due to the complete destruction of their 
homes. This raises the possibility that hemorrhagic gas¬ 
tric/ duodenal ulcers can be caused by stress alone. 

We did not encounter patients with hemorrhagic 
acute gastric mucosal lesion that might have been in¬ 
duced by primary infection by H. pylori. There is a minor 
possibility that those patients got acutely infected by H. 
pylori and were not yet serologically positive. However, 
no incident of waterborne infection was reported in this 
area during the period, and the quality of most sources 
of drinking water was maintained in a hygienic state. We 
do not think that a majority of them got infected by H. 
pylori during the study period. 

As to the location of hemorrhagic duodenal ulcers, 
all patients had ulcers in the posterior wall of the bul- 
bus in the acute stress phase. The proportion of these 
patients was higher than in the chronic stress phase 
and the previous year. Although the difference between 
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these proportions was not statistically significant, stress- 
induced duodenal ulcers without H. pylori infection may 
tend to occur in the posterior wall of the bulbus. 

Our study has some limitations. This was an obser¬ 
vational analysis that was performed on a limited closed 
lesion with a small sample size. Under the confused and 
extraordinary circumstances in the aftermath of the 
great disaster, detailed examinations were difficult to per¬ 
form. Endoscopic examinations were mainly performed 
for hemorrhagic gastric/duodenal ulcers. Therefore, the 
pathophysiology and incidence of non-hemorrhagic and 
asymptomatic peptic ulcers are unknown. However, we 
expect that this study has some useful information for 
the care of hemorrhagic gastro/duodenal injury at times 
of great disasters. 

In conclusion, severe stress caused by an earthquake 
disaster may have affected the characteristics of hemor¬ 
rhagic gastric/duodenal ulcers. 


COMMENTS 


Background 

Under severe stress, the incidence of hemorrhagic gastric/duodenal ulcers 
increases. However, there are few reports on the incidence and characteristics 
of hemorrhagic gastric/duodenal ulcers after a great earthquake disaster. Since 
the number of patients visiting our hospital with hemorrhagic gastric/duodenal 
ulcers increased after the Great East Japan Earthquake Disaster, the authors 
compared those patients with hemorrhagic gastric/duodenal ulcer patients in 
2010, the pre-earthquake period. This study aimed to elucidate the characteris¬ 
tics of ulcers in the post-earthquake period within one medical district. 

Research frontiers 

It is not well known whether severe stress independently causes hemorrhagic 
gastric/duodenal ulcers without Helicobacter pylori ( H. pylori) infection and non¬ 
steroidal anti-inflammatory drug (NSAID) use. 

Innovations and breakthrough 

In this medical district, all patients who developed gastric/duodenal ulcers were 
admitted to one hospital. Therefore, interesting differences in the characteristics 
of hemorrhagic ulcers before and after the earthquake disaster were observed. 
Moreover, it is presumed that severe stress caused by this earthquake disaster 
may have affected the characteristics of hemorrhagic gastric/duodenal ulcers 
without H. pylori infection and NSAIDs. 

Applications 

This study will provide some useful information for the care of hemorrhagic gas- 
tro/duodenal injuries at the time of a great disaster. 

Terminology 

The Great East Japan Earthquake Disaster occurred on March 11, 2011. The 
Pacific coastal regions of East Japan suffered devastating damage by the 
earthquake itself and the consequent tsunami. 

Peer review 

This is an important study in which dynamic changes in the characteristics of 
complicated peptic ulcer patients is depicted. Taking care of patients and per¬ 
forming such an analysis in a devastating circumstance is encouraging to all. 
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Abstract 

AIM: To elucidate the variety of ways early-stage he¬ 
patocellular carcinoma (HCC) can appear on magnetic 
resonance (MR) imaging by analyzing Tl-weighted, T2- 
weighted, and gadolinium-enhanced dynamic studies. 

METHODS: Seventy-three patients with well-differenti¬ 
ated HCC (wHCC) or dysplastic nodules were retrospec¬ 
tively identified from medical records, and new histo¬ 
logical sections were prepared and reviewed. The tumor 
nodules were categorized into three groups: dysplastic 
nodule (DN), wHCC compatible with Edmondson-Steiner 
grade I HCC (wl-HCC), and wHCC compatible with 


Edmondson-Steiner grade n HCC (w2-HCC). The signal 
intensity on pre-contrast MR imaging and the enhancing 
pattern for each tumor were recorded and compared 
between the three tumor groups. 

RESULTS: Among the 73 patients, 14 were diagnosed 
as having DN, 40 were diagnosed as having wl-HCC, 
and 19 were diagnosed as having w2-HCC. Hyperinten¬ 
sity measurements on T2-weighted axial images (T2WI) 
were statistically significant between DNs and wHCC (P 
= 0.006) and between DN and wl-HCC (P = 0.02). The 
other imaging features revealed no significant differ¬ 
ences between DN and wHCC or between DN and wl- 
HCC. Hyperintensity on both T1W out-phase imaging (P 
= 0.007) and arterial enhancement on dynamic study 
(P = 0.005) showed statistically significant differences 
between wl-HCC and w2-HCC. The other imaging fea¬ 
tures revealed no significant differences between wl- 
HCC and W2-HCC. 

CONCLUSION: In the follow-up for a cirrhotic nod¬ 
ule, increased signal intensity on T2WI may be a sign 
of malignant transformation. Furthermore, a noted loss 
of hyperintensity on T1WI and the detection of arterial 
enhancement might indicate further progression of the 
histological grade. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved. 

Key words: Dysplastic nodule; Hepatocellular carcino¬ 
ma; Histological grading; Magnetic resonance imaging; 
Well-differentiated hepatocellular carcinoma 


Core tip: The aim of this article was to differentiate 
between early-stage hepatocellular carcinoma (HCC) 
and dysplastic nodules using conventional magnetic 
resonance (MR) imaging. We found that conventional 
MR imaging could provide additional information to dif- 
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ferentiate between early-stage HCC and dysplastic nod¬ 
ules in equivocal lesions. During follow-up for a cirrhotic 
nodules, increased signal intensity on T2-weighted axial 
images may be a sign of malignant transformation. Loss 
of hyperintensity on T1WI and the detection of arterial 
enhancement may indicate further progression of the 
histological grade. 


Chou CT, Chou JM, Chang TA, Huang SF, Chen CB, Chen YL, 
Chen RC. Differentiation between dysplastic nodule and early- 
stage hepatocellular carcinoma: The utility of conventional 
MR imaging. World J Gastroenterol 2013; 19(42): 7433-7439 
Available from: URL: http://www.wjgnet.com/1007-9327/full/ 
vl9/i42/7433.htm DOI: http://dx.doi.org/10.3748/wjg.vl9. 
i42.7433 


INTRODUCTION 

Hepatocellular carcinoma (HCC) is one of the most com¬ 
monly diagnosed malignant tumors in the world. HCC oc¬ 
curs primarily in patients with chronic liver disease such as 
hepatitis B and C infections 11 '” 1 . HCC develops by means of 
a multi-step dedifferentiation process drat progresses from 
regenerative nodule to dysplastic nodule (DN) and then to 
HCC 1 ’ 1 . Early detection of HCC in cirrhotic livers is im¬ 
portant to improve patient outcomes and decision-making 
to determine optimum therapeutic strategies [4! . A follow¬ 
up system for high-risk HCC populations has been estab¬ 
lished. Additionally, research and technology have enabled 
increasing numbers of small nodular lesions to be detect¬ 
ed. According to the practice guidelines of the American 
Association for the Study of Liver Diseases (AASLD), 
HCC can be diagnosed noninvasively in at-risk patients, 
who typically demonstrate arterial-phase enhancement and 
venous- or delayed-phase washout on dynamic computed 
tomography (CT) or magnetic resonance imaging (MRI) 1 ’ 1 . 
However, most of these nodules with characteristic CT or 
MR patterns are overt HCC. The percentage of well-dif¬ 
ferentiated HCCs showing typical hypervascularity in the 
arterial-phase followed by washout in the delayed-phase on 
a dynamic study ranges from 13% to 50% [6,! . Therefore, 
well-differentiated HCCs are increasingly detected in our 
daily practice, yet many represent diagnostic difficulties. 

Gadoxetic acid (Gd-EOB-DTPA)-enhanced MRI has 
been demonstrated to be useful in differentiating between 
early HCC and dysplastic nodules in several recent stud¬ 
ies 18 '^. However, the overlap between dysplastic nodules 
and HCC on gadoxetic acid-enhanced MR presentations 
has also been mentioned in the literature 11 "’ 111 . Due to the 
facts that gadoxetic acid is not available in every country 
and is costly, conventional MRI remains an important 
tool in differentiating between cirrhotic nodules and 
early HCC. Conventional MR imaging protocols rely on 
Tl-weighted and T2-weighted imaging and multiphase 
dynamic gadolinium-enhanced imaging to depict and 
characterize tumors 1 ' 2 ’ 131 . To the best of our knowledge, 


the role of conventional MR sequences in differentiat¬ 
ing between early-stage HCC and dysplastic nodule in 
cirrhotic liver has not yet been established. The purpose 
of our study was to elucidate the variety ways of early- 
stage HCC can appear on MR imaging by analyzing Tl- 
weighted, T2-weighted, and gadolinium-enhanced dy¬ 
namic studies. 


MATERIALS AND METHODS 

Patient population 

Approval for this retrospective study was obtained from 
the institutional review board of our hospital. A flow¬ 
chart for the patient selection process is shown in Figure 
1. Ultimately, 73 patients (51 men and 22 women; mean 
age, 61 years old; range, 26-82 years) were enrolled in this 
study. Among them, 70 patients underwent liver biopsy, 
and 3 patients underwent hepatectomy. All 73 patients 
had liver cirrhosis: 29 patients had hepatitis B virus; 28 
patients had hepatitis C virus; 9 patients had hepatitis B 
and C co-infections; and 7 patients had alcoholic cirrho¬ 
sis. Among the 73 patients, 49 patients had Child-Pugh 
class A cirrhosis, and 24 patients had Child-Pugh class B 
cirrhosis. The diagnoses of liver cirrhosis were all based 
on histopathological examination. 

Histopathological diagnosis 

New histological sections from the original paraffin 
blocks of all 73 patients’ liver tumors were prepared us¬ 
ing hematoxylin and eosin stain. The diagnostic features 
for HCC included the following: (1) increased cell density 
>2 times the density of the surrounding tissue, with an 
increased nuclear:cytoplasmic ratio; (2) thickened liver cell 
plates (2 cells or more); (3) pseudoglandular structure for¬ 
mations; (4) unpaired arteries; (5) sinusoidal capillariza- 
tion; and (6) stromal invasion without ductular reaction at 
the periphery of the nodules 114,1 " 1 . Immunohistochemical 
stains for CD 10 (Biocare Medical, Concord, CA, United 
States), CD34 (DAKO, Glostrup, Denmark) and cytoker- 
atin 7 (DAKO, Glostrup, Denmark) were also performed 
to facilitate interpretation. The tumor nodules were cat¬ 
egorized into three groups: DN, well-differentiated HCC 
compatible with Edmondson-Steiner grade I HCC (wl- 
HCC) [16] , and well-differentiated HCC compatible with 
Edmondson-Steiner grade II HCC [which also included 
well-differentiated HCC in the World Health Organiza¬ 
tion system (w2-HCC) 1171 . 

Two pathologists with more than 10 years of experience 
in hepatic pathology reviewed all the histological sections 
independently. Differences between the two reviewers were 
resolved by a third pathologist to reach a final consensus. 
All three of the pathologists were blinded to the original 
pathology diagnoses and the clinical information. 

The presence of high cellularity, diffuse capillariza- 
tion, abnormal biliary canaliculi and stromal invasion 
were considered features of wl-HCC. The additional 
presence of nuclear pleomorphism and thicker trabecular 
growth further upgraded a lesion to, w2-HCC. 
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Figure 1 Flowchart of the patient selection process. HCC: Hepatocellular 
carcinoma; MR: Magnetic resonance. 

MR imaging 

MR imaging of livers was performed using a 1.5-T MR 
scanner (Philips Gyroscan ACS-NT Powertrak 6000, re¬ 
lease version 6.7.2, Best, the Netherlands) and a phased- 
array body coil. Turbo spin-echo (TSE) T2-weighted axial 
images [T2WI, TR/TE: 2500/90 ms, slice thickness/gap: 
8/0.8 mm, matrix: 192 x 256, number of average (NEX): 
2, TSE factor: 23, field of view (FOV): 38-40 cm, typical 
scanning time: 2 min 20 s] with and without fat satura¬ 
tion (FS, spectral fat saturation inversion recovery) and 
coronal T2-weighted images were obtained under respira¬ 
tory trigger. Dual-echo T1-weighted imaging (TR/TE: 
210/2.3 ms and 4.6 ms, slice thickness/gap: 8/0.8 mm, 
matrix: 192 x 256, NEX: 1, FOV: 38-40 cm, typical scan¬ 
ning time: 24 s) was also performed during one breath 
hold. Automatic shimming was applied for fat-suppres¬ 
sion imaging to maximize magnetic field homogeneity, 
and flow compensation was also used. 

For contrast-enhanced MR imaging, gadodiamide 
(Omniscan, GE Healthcare, Oslo, Norway) was ad¬ 
ministered by bolus injection (approximate rate of 2 
mL/s) through a peripheral vein at a dosage of 0.1 
mmol/kg. Dynamic T1-weighted fast field echo imag- 
ing (175-210/1.3-2.1, flip angle: 80°, matrix: 192 x 
256, NEX: 1, FOV: 38-40 cm) was performed just be¬ 
fore, 18-20 s after and 50-55 s after the contrast agent 
was injected. An equilibrium phase FS-T1W (TR/TE 
241-344/2.7 ms, flip angle: 70°, slices thickness/gap: 
8/0.8 mm) imaging was performed 180 s after the con¬ 
trast agent injection. 

Imaging analysis 

The imaging analysis was performed at a dual-screen 

IS> 

jjailhiLa* WJG | www.wjgnet.com 


diagnostic workstation (GE Healthcare, Milwaukee, WI, 
United States). In each image assessment, liver maps were 
completed by drawing each individual liver lesion on a 
respective map according to the Couinaud system of 
liver anatomy. These drawings were made as accurately as 
possible by one investigator. All the imaging results were 
analyzed using visual assessment by two radiologists who 
each had more than 10 years of experience in abdominal 
MR imaging. The two observers were blinded to the clini¬ 
cal information and final diagnoses, and they recorded 
the lesion signal intensities on pre-contrast T1WI and 
T2WI, post-contrast T1WI and the enhancement pattern 
during dynamic study. The signal intensity of the focal 
liver nodule on dual-echo T1WI and T2WI was classified 
as hypointense, isointense, or hyperintense compared 
with adjacent liver parenchyma. The enhancement pat¬ 
tern of the HCC was visually classified into one of the 
following patterns: hypovascular, isovascular or hyper- 
vascular enhancement compared with the adjacent liver 
parenchyma. Any disagreements between the two review¬ 
ers were resolved by consensus with a third radiologist 
who was also blinded to the clinical information and final 
diagnoses. 

Statistical analysis 

The interobserver agreement was evaluated using the 
kappa statistic 1 ' 8 l Continuous variables such as age, tu¬ 
mor size, and alpha-fetoprotein were analyzed using the 
Kruskal-Wallis test. Categorical variables such as signal 
intensity and enhancement pattern were analyzed using 
Pearson’s^ - test. The diagnostic performance of the 
HCC diagnostic criteria was evaluated along with a re¬ 
ceiver operating characteristic analysis. A P value less than 
0.05 was considered statistically significant. 


RESULTS 

Among the 73 patients in our study, 14 were diagnosed 
with a DN, 40 were diagnosed with wl-HCC, and 19 
were diagnosed with w2-HCC. The clinicopathologi- 
cal characteristics of the growths are shown in Table 1, 
which shows no significant differences between the three 
patient groups. The interobserver agreement for the 
imaging analysis between the two radiologists was either 
good or excellent (Table 2). 

Univariate analyses of MR findings for patients with 
DNs and wHCC are shown in Table 3. Only a hyperin¬ 
tense signal on T2WI was a statistically significant pre¬ 
dictor of wHCC (P = 0.006), whereas the other imaging 
features revealed no significant associations with DN and 
wHCC. Therefore, well-differentiated HCCs were divided 
into wl-HCC and w2-HCC, and the differences between 
DN vs wl-HCC and wl-HCC ww2-HCC were analyzed. 
Only hyperintensity on T2WI was a statistically signifi¬ 
cant differentiator of DN from wl-HCC (P — 0.02). The 
other imaging features revealed no significant differences 
between DN and wl-HCC. Hyperintensity on T1W out- 
phase imaging (P = 0.007) and arterial enhancement on 
dynamic study (P = 0.005) showed statistically significant 
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Table 1 Clinical characteristics of the 73 cirrhotic patients 
with liver nodules 


Histopathological diagnosis P value 


DN wl-HCC w2-HCC 
C n = 14) (n = 40) (n = 19) 


Age (mean ± SD, yr) 

54.9 +12.9 

62.4 ± 12.2 

63.4 ± 10.8 

0.129 

Sex 

Male 

11 

27 

12 

0.629 

Female 

3 

13 

7 


Underlying liver disease 
HBV 

7 

15 

7 

0.640 

HCV 

3 

15 

10 


HBV + HCV 

2 

6 

1 


Alcoholism 

2 

4 

1 


Child-Pugh class 

A 

10 

25 

14 

0.645 

B 

4 

15 

5 


Tumor size 

1.8 ±0.6 

2.1 ± 0.7 

2.9 ± 2.3 

0.365 

(mean ± SD, cm) 

AFP (mean ± SD, ng/ mL) 

17.1 ± 27.9 

55.5 ± 117.9 

64.2 ± 169.7 

0.202 

< 20 ng/mL 

12 

28 

13 

0.790 

^ 20 ng/mL 

2 

12 

6 


> 20, ^ 100 ng/mL 

2 

7 

4 


> 100, 200 ng/mL 

0 

0 

1 


> 200 ng/mL 

0 

5 

1 



HBV: Hepatitis B virus; HCV: Hepatitis C virus; AFP: Alpha-fetal protein; 
DN: Dysplastic nodule; wl-HCC: Well-differentiated hepatocellular 
carcinoma compatible with Edmondson-Steiner grade I; w2-HCC Well- 
differentiated hepatocellular carcinoma compatible with Edmondson- 
Steiner grade n. 

differences between wl-HCC and w2-HCC. However, 
T2WI and other imaging sequences showed no signifi¬ 
cant differences between wl-HCC andw2-HCC. 

Using hyperintensity on T2WI as the sole criteria in 
differentiating wHCC from a dysplastic nodule, 25 of 
59 wHCCs could be correctly diagnosed. The sensitivity, 
specificity, positive predictive value (PPV) and negative 
predictive value (NPV) were 42%, 93%, 96% and 28%, 
respectively. Solely using the AASLD criteria (arterial en¬ 
hancement followed by washout on dynamic imaging) to 
differentiate between wHCC and dysplastic nodules, only 
9 of 59 wHCCs (wl-HCC: 2, w2-HCC: 7) were correctly 
diagnosed. The sensitivity, specificity, PPV and NPV were 
15%, 93%, 90% and 21%, respectively. If the diagnostic 
criteria were changed to either a hyperintense nodule on 
T2WI or a lesion that demonstrated arterial enhance¬ 
ment followed by washout on dynamic imaging, 27 of 59 
wHCCs were correctly diagnosed. The sensitivity, speci¬ 
ficity, PPV, and NPV were 46%, 86%, 93%, and 27%, re¬ 
spectively. Eighteen wHCCs were further detected by the 
additional hyperintense-on-T2WI criterion according to 
the AASLD criteria. The diagnostic performance of the 
AASLD criteria with additional hyperintense findings on 
T2WI was superior to the AASLD criteria alone in the 
characterization of early-stage HCC (P = 0.013). 


DISCUSSION 

The development of HCC in the cirrhotic liver is de- 


Table 2 Interobserver agreement for magnetic 
features 

resonance 

MR features 

k value 

Tl-weighted in-phase imaging 

0.853 

Tl-weighted opposed-phase imaging 

0.870 

Fatty metamorphosis 

0.819 

T2-weighted imaging 

0.828 

Arterial enhancement 

0.806 

Late-phase Tl-weighted imaging 

0.743 


MR: Magnetic resonance. 


scribed as either de novo hepatocarcinogenesis or as the 
result of a multistep progression. The stages of the 
multistep progression originate from a dysplastic nod¬ 
ule, which progresses to a dysplastic nodule with HCC 
foci, followed by a small HCC, and finally to an overt 
carcinoma 119,20 '. In our study, typical arterial enhancing 
features were only detected in 12 (12/40) wl-HCCs, and 
there were no significant differences between DNs and 
wl-HCC. In contrast, the arterial enhancing feature was 
demonstrated in 13 (13/19) w2-HCCs and showed a 
statistically significant difference between wl-HCC and 
w2-HCC (P = 0.005). Our results might explain why 
the percentage of well-differentiated HCCs with arterial 
enhancement ranges from 43% to 66% in the current 
literature 1 ” 1 - 3I . These figures may have resulted from the 
varied compositions of wl -HCC and w2-HCC within the 
studies. 

The arterial enhancement during dynamic study 
showed a statistically significant difference between wl- 
HCC and w2-HCC in our study. This finding might be 
due to the insufficient development of non-triadal arter¬ 
ies in early-stage HCCs I14, ~ +1 . Kojin:/ 2 ’ 1 also reported that 
early HCCs tended to demonstrate histological hypovas- 
cularity. Kim et a/” 6 ' reported that the histological grade 
of HCC was an important factor influencing therapeutic 
results. They further suggested that treatment could be 
more effective after radiofrequency ablation in patients 
with histologically low-grade HCC. According to our re¬ 
sults, wHCC demonstrated arterial enhancement during 
dynamic study, and the histological differentiation tended 
to be of a higher grade, so it should be treated aggres¬ 
sively. 

In our results, only 9 wHCCs (15%) satisfied the 
AASLD HCC diagnostic criteria. In contrast, T2WI hy¬ 
perintensity was the only imaging feature that allowed 
differentiation between wHCC and DN or wl-HCC and 
DN. The diagnostic performance of the AASLD criteria 
with additional hyperintensity on T2WI was superior to 
the AASLD criteria alone in the characterization of early- 
stage HCCs (P = 0.013). Ouedraogo et aP 1] also reported 
that adding T2W hyperintensity to the AASLD criteria 
increased the detection of HCC, especially in nodules 
smaller than 20 mm. According to our results, hyperin¬ 
tensity on T2WI alone could offer additional informa¬ 
tion in dynamic studies to differentiate between wHCC 
and DNs, and a cirrhotic nodule that is hyperintense on 
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Table 3 Comparison of magnetic resonance features between dysplastic nodule and well-differentiated hepatocellular carcinoma 


DN (n = 14) 


wHCC 


P value 




wl ( n = 

40) w2 (n = 19) 

DN vs wHCC 

DN vs wl 

wl vs w2 

In-phase T1WI 




0.469 

0.405 

0.074 

Hyperintense 

8 

29 

8 




Isointense 

4 

5 

4 




Hypointense 

2 

6 

7 




Opposed-phase T1WI 




0.661 

0.565 

0.007 

Hyperintense 

8 

25 

4 




Isointense 

3 

4 

6 




Hypointense 

3 

11 

9 




Fatty metamorphosis 




0.192 

0.311 

0.450 

Positive 

0 

5 

4 




Negative 

14 

35 

15 




T2WI 




0.006 

0.020 

0.109 

Hyperintense 

1 

14 

12 




Isointense 

6 

5 

2 




Hypointense 

7 

21 

5 




Arterial enhancement 




0.767 

0.753 

0.005 

Hypervascular 

5 

12 

13 




Iso-/ hypo-vascular 

9 

28 

6 




Late-phase T1WI 




0.112 

0.286 

0.105 

Hyperintense 

1 

5 

3 




Isointense 

12 

26 

7 




Hypointense 

1 

9 

9 





T1WI: T1-weighted imaging; T2WI: T2-weighted imaging; DN: Dysplastic nodule; wHCC: Well-differentiated hepatocellular carcinoma; wl: wHCC 
compatible with Edmondson-Steiner grade I; w2: wHCC compatible with Edmondson-Steiner grade II. 


T2WI should be aggressively biopsied. 

In our study, hyperintensity on T1W out-phase imag¬ 
ing showed a significant difference between wl-HCC 
and w2-HCC. A hyperintense HCC on unenhanced T1W 
images tended to be lower grade histologically. This find¬ 
ing might be because borderline lesions and some early 
HCCs/wHCCs are occasionally hyperintense on unen¬ 
hanced T1W images 1-8,291 . Matsui et oP" ] correlated MR 
signal intensity with tumor histology, and considered cell 
crowding, fatty accumulation and possibly copper depo¬ 
sition to be responsible for the hyperintensity on T1W 
imaging. However, the exact histological composition 
responsible for the signal intensity characteristics of wl- 
HCC and w2-HCC remains elusive. 

According to the step-wise carcinogenesis model, 
HCC changes in appearance through the course of its 
development. These changes include a steadily increasing 
signal intensity on T2WI with gradually increasing neo- 
vascularity in most lesions. Van den Bos et <?/ 3 ' suggested 
that the increased signal on T2W images lags behind the 
developing neovascularity. Our results supported the 
proposition that an increased signal on T2W images oc¬ 
curs early in the developing arterial enhancement. These 
discrepancies in enhancement patterns and signal intensi¬ 
ties might be due to the different patient populations be¬ 
ing examined and the different underlying liver diseases. 
However, more studies are needed for a better under¬ 
standing of developing HCC using MR imaging. 

Recent progress in CT angiography, Gd-EOB-DTPA- 
enhanced MRI, diffusion-weighted imaging (DWI), 
contrast-enhanced ultrasound (CEUS) has made these 
modalities useful in differentiating HCC from dysplastic 


nodules. Lee et reported that hypointensity on Gd- 
EOB-DTPA-enhanced hepatobiliary-phase images and 
hyperintensity on high-b-value DWI in the surrounding 
liver parenchyma were useful in differentiating wHCC 
from benign nodules. Kudo 1 ’ 1 reported that CT during 
hepatic angiography and CT during arterial portography 
were the most sensitive tools in differentiating between 
premalignant/borderline lesions and early HCC. Real¬ 
time CEUS has the ability to detect slowly enhancing 
HCCs, which on CT could be interpreted as hypovascular 
lesions 1 ' 21 . Giorgio et aP 31 reported that DN, early HCC 
and progressed HCC could be accurately differentiated 
using CEUS on the basis of the vascularization pattern 
during the arterial phase. Kudo 1 ” 1 reported that Sonazoid- 
enhanced US could generate both hemodynamic-phase 
and Kupper-phase images and offer improved diagnostic 
performance for focal liver lesions. CEUS with Sonazoid 
may play an important role in the characterization of fo¬ 
cal hepatic lesions in the future. 

This study had two main limitations. First, the study 
was retrospective. If we had used the original pathohis- 
tological reports in the medical records as a standard 
of reference, inaccuracies due to differing standards of 
pathological interpretation at that time might have led to 
different results. To ensure accurate histological diagno¬ 
ses, new histological slides were prepared from paraffin- 
embedded blocks, all of which were read by two expe¬ 
rienced pathologists independently. A third pathologist 
was involved as needed to reach a final consensus when 
disagreements arose. The second limitation was that the 
histological diagnoses of 70 of the nodules (70/73) were 
based on needle biopsies. Potential sampling errors and 
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sampling variation are inherent in this type of examina¬ 
tion, and they are recognized shortcomings in most com¬ 
parative studies. 

In conclusion, conventional MR imaging could pro¬ 
vide additional information to differentiate between 
wHCC and DN in equivocal lesions. The variable pre¬ 
sentation of wHCC in the current literature may be due 
to the differing cellular compositions of wl-HCC and 
w2-HCC. Consequently, during follow-up of a cirrhotic 
nodule, increased signal intensity on T2WI may be a sign 
of malignant transformation. Loss of hyperintensity in 
T1WI and the detection of arterial enhancement may in¬ 
dicate further progression of the histological grade. 


COMMENTS 


Background 

Most well-differentiated hepatocellular carcinomas (HCCs) at an early stage 
do not demonstrate hypervascularity upon dynamic computed tomography/ 
magnetic resonance (CT/MR) study, thereby making their diagnosis difficult. 
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Abstract 

AIM: To explore the effects of curcumin (CIMN) on he¬ 
patic injury induced by acetaminophen (APAP) in vivo. 

METHODS: Male mice were randomly divided into 
three groups: group I (control) mice received the 
equivalent volumes of phosphate-buffered saline (PBS) 
intraperitonea I ly (ip)] Group n [APAP + carboxymeth- 
ylcellulose (CMC)] mice received 1% CMC (vehicle) 2 
h before APAP injection; Group HI (APAP + CMN) mice 
received curcumin (10 or 20 mg/kg, ip) 2 h before 
before or after APAP challenge. In Groups n and HI, 
APAP was dissolved in pyrogen-free PBS and injected 
at a single dose of 300 mg/kg. CMN was dissolved in 1% 
CMC. Mice were sacrificed 16 h after the APAP injec¬ 
tion to determine alanine aminotransferase (ALT) levels 
in serum and malondialdehyde (MDA) accumulation, 
superoxide dismutase (SOD) activity and hepatocyte 
apoptosis in liver tissues. 


RESULTS: Both pre- and post-treatment with curcumin 
resulted in a significant decrease in serum ALT com¬ 
pared with APAP treatment group (10 mg/kg: 801.46 ± 
661.34 U/L; 20 mg/kg: 99.68 ± 86.48 U/L vs 5406.80 
± 1785.75 U/L, P < 0.001, respectively). The incidence 
of liver necrosis was significantly lowered in CMN treat¬ 
ed animals. MDA contents were significantly reduced 
in 20 mg/kg CMN pretreatment group, but increased 
in APAP treated group (10.96 ± 0.87 nmol/mg protein 
vs 16.03 ± 2.58 nmol/mg protein, P < 0.05). The de¬ 
crease of SOD activity in APAP treatment group and 
the increase of SOD in 20 mg/kg CMN pretreatment 
group were also detected (24.54 ± 4.95 U/mg protein 
vs 50.21 ± 1.93 U/mg protein, P < 0.05). Furthermore, 
CMN treatment efficiently protected against APAP- 
induced apoptosis via increasing Bcl-2/Bax ratio. 

CONCLUSION: CMN has significant therapeutic po¬ 
tential in both APAP-induced hepatotoxicity and other 
types of liver diseases. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved. 

Keywords: Acetaminophen; Acute hepatic injury; Apop¬ 
tosis; Free radicals; Curcumin 


Core tip: Acetaminophen (APAP) and curcumin (CMN) 
were administrated intraperitoneally. The aim of the 
study was to explore whether CMN has effect on APAP- 
induced hepatic toxicity in vivo. The findings revealed 
that CMN protects against APAP-induced lipid peroxida¬ 
tion, oxidative stress and hepatocyte apoptosis. 


Li G, Chen JB, Wang C, Xu Z, Nic H, Qin XY, Chen XM, Gong 
Q. Curcumin protects against acetaminophen-induced apoptosis 
in hepatic injury. World J Gastroenterol 2013; 19(42): 7440-7446 
Available from: URL: http://www.wjgnet.com/1007-9327/full/ 
vl9/i42/7440.htm DOI: http://dx.doi.org/10.3748/wjg.vl9. 
i42.7440 


^oilhiLa* WJG | www.wjgnet.com 


7440 


November 14, 2013 | Volume 19 | Issue 42 | 














Li Get a/. Curcumin and acetaminophen-induced hepatic injury 


INTRODUCTION 

Acetaminophen (APAP) is a widely used analgesic and 
antipyretic drug that is safe and effective when taken at 
therapeutic dose [11 . However, it can cause severe liver 
damage or even acute liver failure that can be fatal in 
experimental animals and humans when administered in 
an acute or cumulative overdose 12 ’ 1 . APAP overdose is 
the leading cause for calls to Poison Control Centers (> 
100000/year) and accounts for more than 56000 emer¬ 
gency visits, 2600 hospitalizations, and an estimated 458 
deaths each year in the United States 1 ’ 1 . 

APAP is metabolized by cytochrome P450 to N- ace- 
tyl-p-benzoquinone imine (NAPQI). NAPQI can react 
rapidly with glutathione (GSH), so large doses of APAP 
may result in a profound depletion of hepatocellular 
GSH 11,41 . Once GSH is exhausted, any remaining NAPQI 
will covalently bind to cellular proteins and induce mito¬ 
chondrial dysfunction, lipid peroxidation, oxidative stress, 
and DNA fragmentation, eventually leads to massive he- 
patocyte necrosis, liver damage or death 1 ’ 1 . JV-acetyl cys¬ 
teine has been currently used in the treatment of APAP- 
induced liver toxicity 1 '’ 1 . In addition to its adverse reaction, 
a major concern when using N-acetyl cysteine is its rela¬ 
tively narrow therapeutic windows and drug toxicity 17,81 . 
Therefore, new and safe preventive measures against 
APAP toxicity are eagerly needed. 

In recent years, natural products from plants have 
received considerable attention as a rich resource for 
drug development. Curcumin (CMN) is a yellow pigment 
purified from tire root tubers of Curcuma longa Urn (com¬ 
monly known as turmeric), which has long been used as a 
food colorant and preservative 1 ’ 1 . CMN also has a variety 
of biological and pharmacological activities, such as anti¬ 
inflammatory, anti-oxidant, antifungal, antibacterial and 
anticancer activities 11 " 1 . It was reported that CMN attenu¬ 
ates liver injury induced by ethanol 1111 , iron overdose 1 *'' 1 
and carbon tetrachloride intoxication 1 * ’ 1 . 

The aim of this study was to explore the effect of 
CMN on the prevention of APAP-induced hepatic toxic¬ 
ity in vivo and investigate whether CMN affects the pro¬ 
duction of lipid peroxidation, oxidative stress or hepato- 
cyte apoptosis to attenuate liver damage. 


MATERIALS AND METHODS 

Materials 

APAP and CMN were purchased from Sigma Aldrich 
(Saint Louis, MO, United States). Detection kits for su¬ 
peroxide dismutase (SOD) and malondial dehyde (MDA) 
were purchased from Nanjing Jiancheng Bioengineer 
Institute (Nanjing, China). Transferase-mediated dUTP- 
biotin nick end labeling (TUNEL) detection kit was 
purchased from Boster Biological Technology Co., Ltd 
(Wuhan, China). 

Animals and treatment 

Male BALB/c mice (6-8 wk of age) were purchased 
from the Center for Animal Experiment of Wuhan 


University (Wuhan, China). The mice were raised at an 
animal facility under special pathogen-free conditions 
with a 12-h light/dark cycle and free access to food and 
water at least 1 wk prior to treatment. All animal experi¬ 
ments were approved by the institutional animal care and 
use committee at the Yangtze University, and all efforts 
were made to minimize the number of animals used and 
their sufferings. Mice were randomly divided into three 
groups: group I (control) mice received the equivalent 
volumes of PBS intraperitoneally (ip); Group II (APAP 
+ CMC) mice received 1% CMC (vehicle) 2 h before 
APAP injection; and Group HI (APAP + CMN) mice 
received CMN (10 or 20 mg/kg, ip) 2 h before or after 
APAP challenge. In Group II and Group HI, APAP was 
dissolved in pyrogen-free PBS and injected at a single 
dose of 300 mg/kg; the dose was selected on the basis 
of a previous related study 1 * 41 . CMN was dissolved in 
1% CMC. Serum and Hvers were coUected at 16 h after 
APAP treatment. 

Biochemical analysis 

Alanine amino-transaminase (ALT) activity was deter¬ 
mined using a diagnostic assay kit (Sichuan Maker Sci¬ 
ence and Technology Co., Ltd., Chengdu, China) by an 
automated chemistry analyzer (Olympus AU1000, Japan) 
by Central Laboratory of the Affiliated Jingzhou Hospi¬ 
tal of Yangtze University. 

Livers were quickly removed, washed with ice-cold 
PBS, blotted and weighed, and then a tissue homogenate 
(1% or 10%, w/v) was prepared in normal saline. The 
homogenates were then centrifuged at 4000 rpm (4 °C) 
for 20 min to coHect supernatants for determination of 
SOD and MDA contents at 550 nm and 532 nm, respec¬ 
tively. 

Lipid peroxidation was assessed by estimation of 
MDA in the Hver tissues according to the method of 
WiHs (1966). MDA was determined by the thiobarbituric 
acid assay using a MDA assay kit, according to the manu¬ 
facturers’ instructions. Liver tissue protein was measured 
using Coomassie Brilliant Blue protein reagent, and MDA 
content was expressed as nmol/mg protein. SOD activity 
was determined by measuring the inhibition of formation 
of NADPH-phenazine methosulphate nitroblue tetrazo- 
Hum. 

Histochemistry 

Liver tissues fixed in 10% formalin were embedded in 
paraffin, sectioned at 4 pm and stained with hematoxylin- 
eosin. 

TUNEL staining 

Paraffin-embedded liver tissues were assayed for DNA 
fragmentation using a terminal deoxynucleotidyl TUNEL 
reaction, according to the manufacturer’s instructions. 
Slides were developed with diaminobenzidine substrate, 
counterstained with HE, and then examined for evidence 
of apoptosis. The number of brown apoptotic ceHs was 
normalized to total ceHs as detected by HE. Four fields 


l£ 

jSoilhjLj* WJG | www.wjgnet.com 


7441 


November 14, 2013 | Volume 19 | Issue 42 | 






Li Get a/. Curcumin and acetaminophen-induced hepatic injury 


of each image were counted. 

Reverse transcriptase polymerase chain reaction 

RNA was extracted from the livers using TRIzol 7 Re¬ 
agent (Invitrogen) according to the manufacturer’s 
instruction. cDNA was synthesized from 2 pg of total 
RNA using PrimeScript™ 1 st Strand cDNA Synthesis 
Kit (Takara Biotechnology, Co., Ltd., Da Lian, LiaoNing, 
China). PCR amplifications were performed by standard 
methods using following specific primers: for Bcl-2: 
Sense: 5’-GGC ATC TTC TCC TTC CAG-3’, Anti- 
sense: 5’-CTA CCC AGC CTC CGT TAT-3’; for Bax: 
Sense: 5’-TTT CAT CCA GGA TCG AGC AGG-3’, 
Antisense: 5’-GCA AAG TAG AAG AGG GCA ACC 
AC-3’ [15] . 

Statistical analysis 

A computer program (SPSS 13.0) was used for statistical 
analysis. Data were presented as mean ± SE. Student’s / 
test (two groups) or one way AN OVA (multiple groups) 
were used. P < 0.05 indicated statistical significance. 


RESULTS 

CMN treatment attenuates APAP-induced liver injury 

To explore the protective effect of CMN on APAP- 
induced hepatic toxicity, the animals were injected intra- 
peritoneally with CMN (10 or 20 mg/kg body weight) 
2 h before APAP (300 mg/kg body weight), and serum 
ALT was analyzed after 16 h of administration. Com¬ 
pared with PBS control (41.70 ± 2.82 U/L), APAP treat¬ 
ment significantly increased serum ALT levels (5406.80 
± 1785.75 U/L, 126.9-fold of the control, Figure 1A, P 
< 0.001 vs control). As expected, CMN pretreatment sig¬ 
nificantly suppressed the plasma ALT activity in a dose- 
dependent manner (10 mg/kg: 801.46 ± 661.34 U/L; 20 
mg/kg: 99.68 ± 86.48 U/L, Figure 1A, P < 0.001 vs the 
model group). This protective effect was further con¬ 
firmed by analysis of histological findings, as shown in 
Figure IB, severe sinusoidal congestion and hemorrhage, 
inflammatory cell infiltration and gross necrosis were ob¬ 
served in the liver of mice treated with APAP. However, 
these pathological changes were dramatically suppressed 
by CMN treatment. To evaluate its potential therapeutic 
role, CMN was administrated after 2 h of APAP injec¬ 
tion, and a marked reduction of serum ALT was also 
observed (395.40 ± 133.52 U/L, Figure 1A). Of note, 
CMN alone did not influence serum transaminase (Figure 
1A) and urea, creatinine (data not shown) in normal con¬ 
trol mice. 

CMN pretreatment inhibits production of MDA 

As lipid peroxidation has been reported to be closely 
related to APAP-induced toxicity, the content of malo- 
ndialdehyde, the end product of lipid peroxidation, in the 
liver tissues was detected at 16 h after APAP treatment. 
Only low levels of MDA were observed in the control 
mice (10.81 ± 1.46 nmol/mg protein), but a significant 


increase was found in APAP-treated mice (16.03 ± 2.58 
nmol/mg protein). As expected, MDA contents were 
significantly inhibited by 20 mg/kg CMN pretreatment 
(10.96 ± 0.87 nmol/mg protein, Figure 2). 

CMN pretreatment enhances activity of SOD 

In addition to lipid peroxidation, oxidative stress is an 
early events related to radicals generated during the 
hepatic metabolism of APAP. SOD is an enzyme that 
neutralizes free radicals 1 " 1 . So the activity of SOD was 
investigated at 16 h after APAP treatment in the liver tis¬ 
sues. A significant decrease in SOD activity was observed 
in the mice treated with APAP compared with control 
group (24.54 ± 4.95 U/mg protein vs 45.64 + 5.96 U/mg 
protein). However, pretreatment of mice with CMN in¬ 
duced a significant increase in the activity of SOD (50.21 
± 1.93 U/mg protein, Figure 3). 

CMN pretreatment prevents hepatocyte apoptosis 

Based on the above observations, we further explored the 
possible mechanisms by which CMN attenuates liver in¬ 
jury induced by APAP. Given the importance of apopto¬ 
sis in APAP-induced liver injury, the extent of hepatocyte 
apoptosis was determined by TUNEL assay. As shown in 
Figure 4A, massive hepatocyte apoptosis was detected in 
the livers of mice treated with APAP. CMN pretreatment 
markedly prevented the apoptosis induced by APAP. 
Furthermore, we examined the mRNA expression of 
anti-apoptotic protein Bcl-2 and pro-apoptotic protein 
Bax in the livers. As shown in Figure 4B, CMN pretreat¬ 
ment down-regulated the mRNA expression of Bax and 
up-regulated the mRNA expression of Bcl-2 compared 
with APAP-treated group. These data suggest that CMN 
inhibits hepatocyte apoptosis via regulating the gene ex¬ 
pression of Bcl-2 family and then protects the mice from 
APAP-induced hepatic injury. 


DISCUSSION 

In the present study, for the first time, we examined the 
effect of CMN on liver injury induced by APAP and the 
possible mechanisms in mice. Our data demonstrated that 
CMN pretreatment dose-dependently alleviated APAP- 
induced acute liver injury. CMN pretreatment markedly 
decreased ALT levels in plasma and inhibited the necro¬ 
sis of hepatocytes in Con A-treated mice. Furthermore, 
CMN could be also considered as a rescue therapy, for 
it significantly decreased APAP-induced hepatotoxicity 
when administered 2 h after APAP overdose. 

NAPQI is the reactive metabolite product generated 
from APAP-induced hepatic toxicity, and it was found to 
be formed by cytochrome P-450 by a direct two electron 
oxidation of APAP. At low doses, the metabolite was 
efficiently detoxified by GSH. However, at high doses, 
NAPQI leads to GSH depletion and subsequently co¬ 
valently binds to cysteine residues on proteins, which 
results in lipid peroxidation reaction 1 " 171 . As a metabolite 
of free radical, MDA is generally considered as an impor- 
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Figure 1 Curcumin treatment protects against acetaminophen-induced hepatic injury in mice. A: Serum alanine aminotransferase (ALT) levels were deter¬ 
mined 16 h after acetaminophen injection. Data are expressed as mean ± SE; n = 10 mice per group. b P < 0.01 vs control; d P < 0.001 vs acetaminophen (APAP) + 
carboxymethylcellulose (CMC); B: Hematoxylin-eosin stained liver sections from animals treated with PBS, APAP + CMC and APAP + CMN (original magnification: « 
100 and x400). Severe inflammatory cell infiltration and gross necrosis of the entire centrilobular areas were obvious in APAP group, and the results were significantly 
ameliorated in CMN-treated animals. CMN: Curcumin. 


tant indicator of lipid peroxidation. In this study, in line 
with previous reports, we found that MDA in liver tissues 
was increased significantly 16 h after APAP administra¬ 
tion. As expected, our results demonstrated that CMN 
treatment could inhibit the increase of MDA induced by 
APAP, suggesting that CMN has potent beneficial effects 
on lipid peroxidation. 

Our organism has a function to neutralize and scav¬ 
enge the free radical in order to prevent oxidative dam¬ 
age to cells. Such endogenous mechanisms are mainly 
provided by a set of antioxidant enzymes such as SOD, 
glutathione peroxidase, and catalase. SOD represents 
the first line of defense against free radicals, it converts 
superoxide anion into hydrogen peroxide, and then hy¬ 


drogen peroxide is converted into oxygen and water by 
glutathione peroxidase, making reduced GSH as its sub¬ 
strate 118 '. As a antioxidant, CMN has been demonstrated 
to effectively prevent the decrease in SOD activity in a 
variety of experimental models, including inflammation, 
cardiotoxicity and carbon tetrachloride-induced liver in¬ 
jury models' 11 '. In line with these concepts, we found that 
the major scavenger enzyme SOD activity was signifi¬ 
cantly decreased in the liver of APAP-treated mice. As 
expected, pretreatment with CMN restored SOD activity. 
Therefore, it is suggested that the protective effect of 
CMN on APAP-induced injury is associated with its inhi¬ 
bition of oxidative stress. 

Accumulating evidence suggests that hepatocyte 
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PBS APAP + CMC APAP + CMN 


Figure 2 Curcumin pretreatment inhibits malondialdehyde production 
after acetaminophen induction. Liver homogenate was prepared to analyze 
the content of malondialdehyde (MDA) 16 h after acetaminophen (APAP) 
administration. Data are expressed as mean ± SE; n = 10 mice per group. “P 
< 0.05 vs control; C P < 0.05 vs APAP + curcumin (CMN). CMC: Carboxymeth- 
ylcellulose. 


60 



PBS APAP + CMC APAP + CMN 


Figure 3 Curcumin pretreatment enhances activity of superoxide dis- 
mutase after acetaminophen. Liver homogenate was prepared to analyze 
the activity of superoxide dismutase (SOD) 16 h after acetaminophen (APAP) 
administration. Data are expressed as mean ± SE; n = 10 mice per group. a P 
< 0.05 vs control; °P < 0.05 vs APAP + curcumin (CMN). CMC: Carboxymeth- 
ylcellulose. 





PBS 2 h 16 h 

Hours after APAP treatment 



Figure 4 Curcumin pretreatment prevents hepatocyte apoptosis induced by acetaminophen. A: Transferase-mediated dUTP-biotin nick end labeling stained 
liver sections from animals treated with PBS, acetaminophen (APAP) + carboxymethylcellulose (CMC) and APAP + curcumin (CMN) (original magnification: * 400); 
B: Liver samples were collected 2 h and 16 h after APAP injection, and the mRNA expression of Bax and Bcl2 was determined by reverse transcriptase polymerase 
chain reaction. Data are expressed as mean ± SE; n = 6 mice per group . a P < 0.05 vs APAP + CMC. 


apoptosis plays a critical role in APAP-induced hepatic 
injury, although the mode of cell death inflicted by APAP 
is still controversial 1 ”"’"'APAP-induced apoptosis is 
observed not only in primary hepatocytes 1 "" 1 , but also in 
livers of mice treated with toxic doses of APAP 1 "’ 1 . Also, 
a recent report showed that hepatic caspase-3 and cas- 
pase-9 are activated in both wild type and CXCR2 knock 
out mice within one hour of APAP treatment 1 " 1 '. More¬ 
over, inhibiting apoptosis prevents the development of 
acute liver failure 1 "" 1 . Based on these concepts, we found 


that apoptotic hepatocytes were significantly increased 
in the liver of mice 16 h after APAP treatment and the 
hepatocyte apoptosis was significantly reduced by CMN 
pretreatment. Bcl-2 protein is commonly recognized 
as an anti-apoptotic factor, it inhibits cell apoptosis by 
preventing mitochondrial membrane depolarization. As 
a member of the Bcl-2 family, Bax inactivates Bcl-2 by 
interacting with it to form a heterodimer 1 " 41 . In this study, 
we found that CMN pretreatment down-regulated the 
mRNA expression of Bax and up-regulated the mRNA 
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expression of Bel-2 compared with APAP-treated group, 
suggesting that CMN can increase Bcl-2/Bax ratio, thus 
reducing APAP-induced apoptosis. The mechanisms of 
CMN-mediated anti-apoptotic effect remained unclear. 
A recent study showed that CMN exerts a potent anti- 
apoptotic effect via inhibition of TGF-(3 as inducer of 
caspase-3 mediated apoptosis in kidney and lung tis¬ 
sues 1251 , however, the precise mechanisms by which CMN 
modulates cell apoptosis in APAP-induced liver injury 
need to be further investigated. 

In summary, our study revealed that CMN has a 
protective effect on the acute hepatic injury induced by 
APAP. Both pre- and post-treatment with CMN resulted 
in a significant reduction in serum ALT and hepatocyte 
necrosis. The protection of CMN may be related to 
its inhibition of lipid peroxidation and oxidative stress. 
Moreover, we found that CMN restored Bcl-2/Bax ratio, 
thus reducing the APAP-induced hepatocyte apoptosis. 


COMMENTS 


Background 

Acetaminophen (APAP) can cause severe liver damage or even acute liver 
failure when administered in an acute or cumulative overdose. W-acetyl-p- 
benzoquinone imine (NAPQI) is the metabolite of APAP by cytochrome P450. 
Accumulation of NAPQI could induce lipid peroxidation, oxidative stress, mito¬ 
chondrial dysfunction and DNA fragmentation, even liver failure or death. Thus, 
new and safe preventive measures against APAP-induced hepatic damage are 
eagerly needed. 

Research frontiers 

Previous studies have shown that curcumin (CMN) exerts anti-inflammatory, 
anti-oxidant and anticancer pharmacological activities. APAP lead to liver injury 
through increasing oxidative stress, lipid peroxidation and pro-apoptosis. In this 
study, the authors showed that CMN improved hepatic injury through inhibiting 
oxidative stress, lipid peroxidation and hepatic apoptosis in APAP induced liver 
damage model. 

Innovations and breakthroughs 

This study investigated the effect of CMN on the prevention of APAP-induced 
hepatic toxicity in vivo and examined whether CMN affects the production of 
lipid peroxidation, oxidative stress or hepatocyte apoptosis to attenuate liver 
damage. The results indicated that CMN could protect mice from APAP-induced 
liver injury. 

Applications 

CMN was abundant in the root tubers of Curcuma longa Linn and can be puri¬ 
fied by modern technology. It has a broad application prospect. 

Peer review 

It is an interesting study investigating the protection effect of CMN on APAP- 
caused hepatitis. The experimental evidences presented that APAP induced 
hepatic injury, with elevated alanine aminotransferase, lipid peroxidation, oxida¬ 
tive stress and apoptosis were improved by CMN. 
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Abstract 

AIM: To evaluate the outcome of non-malignant and 
non-cirrhotic patients with portal cavernoma and to de¬ 
termine the predictors for survival. 

METHODS: Between July 2002 and June 2010, we ret¬ 
rospectively enrolled all consecutive patients admitted 
to our department with a diagnosis of portal cavernoma 
without abdominal malignancy or liver cirrhosis. The 
primary endpoint of this observational study was death 
and cause of death. Independent predictors of survival 
were identified using the Cox regression model. 

RESULTS: A total of 64 patients were enrolled in the 
study. During a mean follow-up period of 18 ± 2.41 
mo, 7 patients died. Causes of death were pulmonary 


embolism (n = 1), acute leukemia (n = 1), massive 
esophageal variceal hemorrhage (n = 1), progressive 
liver failure (n = 2), severe systemic infection second¬ 
ary to multiple liver abscesses (n = 1) and accident (n 
= 1). The cumulative 6-, 12- and 36-mo survival rates 
were 94.9%, 86% and 86%, respectively. Multivariate 
Cox regression analysis demonstrated that the presence 
of ascites (HR = 10.729, 95%CI: 1.209-95.183, P = 
0.033) and elevated white blood cell count (HR = 1.072, 
95%CI: 1.014-1.133, P = 0.015) were independent 
prognostic factors of non-malignant and non-cirrhotic 
patients with portal cavernoma. The cumulative 6-, 12- 
and 36-mo survival rates were significantly different be¬ 
tween patients with and without ascites (90%, 61.5% 
and 61.5% vs 97.3%, 97.3% and 97.3%, respectively, 
P = 0.0008). 

CONCLUSION: The presence of ascites and elevated 
white blood cell count were significantly associated 
with poor prognosis in non-malignant and non-cirrhotic 
patients with portal cavernoma. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved. 

Key words: Extrahepatic portal vein obstruction; Portal 
cavernoma; Survival; Prognostic factors; Ascites 


Core tip: Little is known regarding the prognostic factors 
of non-malignant and non-cirrhotic patients with portal 
cavernoma. We conducted a retrospective single-center 
study of 64 patients admitted to our department be¬ 
tween July 2002 and June 2010 to evaluate this issue. 
Multivariate Cox regression analysis demonstrated that 
the presence of ascites was an independent prognostic 
factor of non-malignant and non-cirrhotic patients with 
portal cavernoma. 
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Prognostic factors in non-malignant and non-cirrhotic patients 
with portal cavernoma: An 8-year retrospective single-center 
study. World J Gastroenterol 2013; 19(42): 7447-7454 Avail¬ 
able from: URL: http://www.wjgnet.com/1007-9327/full/vl9/ 
i42/7447.htm DOI: http://dx.doi.org/10.3748/wjg.vl9.i42.7447 


INTRODUCTION 

Portal cavernoma, also known as cavernous transforma¬ 
tion of the portal vein, is a rare entity, which is character¬ 
ized by a tangle of tortuous hepatopetal collateral veins 
in the hilum [11 . It is traditionally considered a sequela of 
extrahepatic portal vein obstruction (EHPVO) to com¬ 
pensate for the interrupted portal blood flow 12 ' 31 . Current 
treatment strategies for portal cavernoma focus on the 
prevention and treatment of variceal hemorrhage, pre¬ 
vention of recurrent thrombosis, and treatment of symp¬ 
tomatic portal biliopathy [4 ' f ’ 1 . Given the rarity of portal 
cavernoma, controlled studies are unavailable, and thera¬ 
peutic options vary in different centers. Previous studies, 
in which malignancy and cirrhosis were not excluded, 
have revealed that the increased mortality in EHPVO 
patients is closely associated with advanced age, presence 
of malignancy and cirrhosis, high bilirubin and deteriora¬ 
tion of liver function 1 However, little information is 
known regarding the prognostic factors in non-malignant 
and non-cirrhotic patients with portal cavernoma due to 
its low morbidity and mortality. 

We conducted a retrospective study to determine 
the predictors for survival of non-malignant and non¬ 
cirrhotic patients with portal cavernoma managed by a 
uniform therapeutic strategy at our center. 


MATERIALS AND METHODS_ 

Study design 

Between July 2002 and June 2010, all consecutive patients 
with a diagnosis of portal cavernoma without abdominal 
malignancy or liver cirrhosis who were admitted to our 
department were enrolled in this observational study 110 " 1 ” 1 , 
regardless of age. Baseline data were collected upon admis¬ 
sion or referral. Regular blood tests, hepatic and renal func¬ 
tion tests, prothrombin time, internationalized normalized 
ratio (INR), color Doppler ultrasound (CDUS), computed 
tomography (CT) and endoscopy were performed in all 
patients. Thrombotic risk factors of EHPVO, including 
JAK2 l r 617F mutation, CD55 and CD59 deficiencies, 
anti-cardiolipin IgG antibodies, and factor V Leiden or 
prothrombin gene G20210A mutation, were detected at 
our department after September 2009 [13 ’ 141 . Additionally, we 
recorded the date of diagnosis of portal cavernoma at our 
own hospital or an outside facility. Follow-up data were 
obtained every six months through outpatient or phone 
conversations with the patient or his or her family mem¬ 
bers. The primary endpoint was death. Follow-up contin¬ 
ued either until death or July 2010. The study protocol was 
approved by the ethics committee of our hospital. 


Diagnosis and definitions 

Portal cavernoma was characterized by a tangle of tortu¬ 
ous hepatopetal collateral veins in the hilum. An acute 
thrombotic episode was defined as fulfillment of both of 
the following criteria: (1) recent onset of abdominal pain; 
and (2) a high intraluminal density within the portal vein 
on non-enhanced CT scans, while contrast-enhanced CT 
scans displayed cavernous vessels around the obstructed 
portal vein 113161 . 

As previously described, the degree of portal venous 
obstruction was classified as partial obstruction, complete 
obstruction and fibrotic cord instead of original main 
portal vein ’ ’ . The extent of obstruction within the 
portal venous system was also evaluated. 

Liver cirrhosis and hepatocellular carcinoma were ex¬ 
cluded on the basis of a history of chronic liver disease, 
clinical presentation, liver function, alpha-fetoprotein 
and positive findings on imaging (i.e., ultrasound and CT 
scans) 1 * 81 . A liver biopsy was obtained, if a diagnosis of 
cirrhosis was inconclusive or if hepatocellular carcinoma 
was suspected. Other abdominal malignancy was exclud¬ 
ed by imaging. 

The degree of variceal size was based on the general 
rules established by the Japanese Research Society for 
Portal Hypertension (low-risk varices: FI or F2 with 
negative red color sign; high-risk: FI or F2 with positive 
red color sign, or F3 irrespective of red color sign) 1111 . 
The presence of ascites was diagnosed by physical ex¬ 
amination, ultrasound and CT scans. The grade of ascites 
was based on the definitions of the International Ascites 
Club (grade I : mild ascites only detectable by ultrasound; 
grade II: moderate symmetrical abdominal distension; 
grade ID: marked abdominal distension) 

Therapeutic strategy 

Our therapeutic strategy was aimed at minimal invasive¬ 
ness and maximal beneficial effects through symptom 
resolution. 

After diagnosis of an acute thrombotic episode, the 
patients received a continuous intravenous infusion of 
unfractionated heparin followed by oral warfarin. Initially, 
heparin was regularly administered intravenously at a 
starting dose of 1000-1400 U/h for 5 d. Subsequently, 
oral warfarin was prescribed at the dosage of 2.5-5 mg/d 
for at least 6 mo and was adjusted to maintain the INR at 
a target of 2.5 (range 2.0-3.0) 1 ” 11 . A three-day overlap be¬ 
tween intravenous and oral anticoagulation was required. 
Life-long oral anticoagulants were prescribed to patients 
with thrombophilia. If abdominal pain was progressive, 
we either indirectly infused thrombolytic agents into the 
superior mesenteric artery or performed direct throm¬ 
bolysis in the portal vein by a percutaneous transhepatic 
approach. If ischemic intestinal infarction was diagnosed, 
emergency bowel resection was performed. 

Once acute variceal bleeding was diagnosed, medical 
or endoscopic therapy was adopted as the first-line treat¬ 
ment option. If active bleeding was uncontrolled or if 
repeated hospitalizations were necessary to control recur- 
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rent variceal bleeding, a transjugular intrahepatic porto¬ 
systemic shunt (TIPS) insertion was performed through 
a transjugular approach alone or in combination with a 
transhepatic or transsplenic approach, as previously de- 
scribed [1 “ ,lf ’"'” 1 . If a TIPS procedure failed or was refused, 
splenectomy and devascularization were considered. 

Other symptomatic treatments included anticoagula¬ 
tion for prevention of recurrent thrombosis, diuretics 
and/or paracentesis plus albumin for grade II and HI 
ascites, splenectomy for hypersplenism and massive sple¬ 
nomegaly and prophylactic endoscopic therapy for high- 
risk varices. Additionally, if patients presented with a long 
history of repeated gastrointestinal syndromes unrespon¬ 
sive to conservative therapies, the TIPS procedure was 
considered. 

Statistical analysis 

Quantitative data were reported as mean ± SE and were 
compared with the independent sample / test or one¬ 
way analysis of variance; qualitative data were reported 
as frequencies and were compared with the test or 
the Fisher exact test, as appropriate. Cumulative survival 
rates were assessed by the Kaplan-Meier curves and were 
compared with a log-rank test. Independent predictors of 
survival were identified using the Cox regression model. 
The covariates incorporated into the multivariate analysis 
were the variables that reached statistical significance (P 
< 0.05) in univariate analysis. Two-tailed P values <0.05 
were considered statistically significant. All statistical cal¬ 
culations were performed with SPSS 12.0 (Chicago, IL, 
United States). 


RESULTS 

Characteristics of patients 

A total of 64 patients diagnosed with portal cavernoma 
without liver cirrhosis or abdominal malignancy were 
enrolled in the study. Notably, 5 patients presented with 
cavernous collateral veins around a patent main portal 
vein' 1 " 1 . Baseline patient characteristics are summarized in 
Table 1. 

Possible risk factors 

Thrombotic risk factors of EHPVO were detected in 
33 patients. Among them, 11 had positive JAK2 f617F 
mutation, none had both CD55 and CD59 deficiencies, 
two had weakly positive anti-cardiolipin IgG antibodies, 
and none had positive factor V Leiden or prothrombin 
gene G20210A mutation. Previous history of infection 
before admission included colitis (n — 1), pelvic infection 
(n = 1), appendicitis (n — 1), intra-abdominal infection 
secondary to duodenal ulcer perforation (n — 1), umbili¬ 
cal cord infection (n- 2), megacolon disease of newborn 
(n — 1), bacterial dysentery (» = 1), and pancreatitis (n = 4). 
Previous history of abdominal surgery before admission 
included splenectomy and devascularization for variceal 
bleeding (» =11), splenectomy for hypersplenism and/or 
splenomegaly (n = 8), splenectomy for traumatic spleen 


Table 1 Patient characteristics at admission 


Sex (female/ male) 

26/38 

Age at admission (yr) 

32.05 ± 2.00 

Age at first diagnosis of portal cavernoma 

26/38 

(=S 18 yr/> 18 yr) 

History of portal cavernoma (yr) 

3.68 ± 0.78 

Clinical presentations 

Abdominal distension 

37 

Abdominal pain 

26 

Variceal bleeding 

29 

Degree of varices (high risk/low risk/ no varices) 

6/12/1946 

Ascites 

20 

Degree of ascites 

3/1/16/44 

(grade ID/grade II/grade I /no ascites) 

Hydrothorax 

10 

Laboratory tests 

RBC (10 12 /L) 

3.95 ± 0.11 

Hb (g/L) 

106.25 ± 4.00 

WBC (10 9 /L) 

8.11 ± 1.03 

PLT (10’/L) 

298.73 ± 33.67 

PT (s) 

14.14 ± 0.24 

INR 

1.15 ± 0.02 

ALT (U/L) 

29.97 ± 3.31 

AST (U/L) 

30.28 ± 2.64 

ALP (U/L) 

107.21 ± 7.68 

GGT (U/L) 

41.16 ± 5.96 

ALB (g/L) 

38.25 ± 0.58 

TBIL (gmol/L) 

16.05 ± 1.32 

Serum Cr (pmol/L) 

70.65 ± 2.48 

Serum Na (mmol/L) 

139.54 ± 0.45 

Child-Pugh class (A/B/C) 

12/1/1951 

Child-Pugh score 

5.70 ± 0.13 

MELD score 

4.25 ± 0.53 

Location and degree of obstruction 

Main portal vein 

5/5/12/42 

(patent/ partial/ complete/fibrotic cord) 

Right portal vein obstruction 

49 

Left portal vein obstruction 

51 

Splenic vein obstruction and splenectomy 

39 

Superior mesenteric vein obstruction 

34 


Data are expressed as quantitative data as frequency or mean ± SE. RBC: 
Red blood cell; Hb: Hemoglobin; WBC: White blood cell; PLT: Platelets; 
PT: Prothrombin time; INR: International normalized ratio; ALT: Alanine 
aminotransferase; AST: Aspartate aminotransferase; ALP: Alkaline phos¬ 
phatase; GGT: y-glutamyl transferase; ALB: Albumin; TBIL: Total bilirubin. 

rupture (;/ = 1), partial splenic artery embolization for 
hypersplenism (n — 1), cholecystectomy (« = 4), surgical 
repair of peptic ulcer perforation {n = 1), total hysterec¬ 
tomy for hysteromyoma (// = 1), and cesarean delivery (// 
= 1). Notably, 7 and 13 patients underwent splenectomy 
before and after the diagnosis of portal cavernoma, re¬ 
spectively. 

Clinical profile of patients with variceal bleeding 

Compared to patients without variceal bleeding, those 
with variceal bleeding were younger at admission (37.54 
± 2.56 years in the non-bleeding group vs 25.41 ± 2.74 
years in the bleeding group, P — 0.002) and had a longer 
history of portal cavernoma (1.86 + 0.66 years in the 
non-bleeding group vs 5.89 + 1.44 years in the bleeding 
group, P - 0.009). A fibrotic cord replacing the main por¬ 
tal vein was more frequently found on CT scans in pa- 
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Table 2 Clinical profile in patients with and without variceai 
bleeding 


_ 



_ 

Variables 

Variceai bleeding 
(n = 29) 

No variceai 
bleeding (n = 35) 

P value 

Age at admission (yr) 

25.41 ± 2.74 

37.54 ± 2.56 

0.002 

Sex (female/male) 

14/15 

12/23 

0.257 

History of portal 
cavernoma (yr) 

5.89 ± 1.44 

1.86 ± 0.66 

0.009 

Abdominal distension 
(yes/no) 

11/18 

26/9 

0.003 

Abdominal pain 
(yes/no) 

3/26 

23/12 

< 0.001 

Ascites (yes/no) 

8/21 

12/23 

0.565 

Hydrothorax (yes/no) 

4/25 

6/29 

0.713 

Jaundice (yes/ no) 

2/27 

2/33 

0.846 

RBC (10 12 /L) 

3.36 ± 0.12 

4.44 ± 0.12 

< 0.001 

Hb (g/L) 

87.21 ± 4.60 

122.03 ± 4.86 

< 0.001 

WBC (10 9 / L) 

7.47 ± 1.82 

8.65 ± 1.16 

0.574 

PLT (10 9 /L) 

317.07 ± 50.27 

283.53 ± 45.84 

0.624 

PT (s) 

14.08 ± 0.35 

14.18 ± 0.34 

0.838 

INR 

1.15 ± 0.03 

1.15 ± 0.03 

0.946 

ALT (U/L) 

26.38 ± 4.87 

32.94 ± 4.51 

0.327 

AST (U/L) 

28.85 ± 4.28 

30.93 ± 3.33 

0.388 

AST/ALT 

1.23 ± 0.08 

1.21 ± 0.11 

0.874 

ALP (U/L) 

115.98 ± 13.43 

99.94 ± 8.57 

0.302 

GGT (U/L) 

31.69 ± 8.60 

49.00 ± 8.12 

0.150 

ALB (g/L) 

37.23 ± 0.79 

39.09 ± 0.82 

0.111 

TBIL (gmol/L) 

15.54 ± 2.13 

16.48 ± 1.66 

0.724 

DBIL (gmol/L) 

7.07 ± 1.54 

7.43 ± 0.98 

0.838 

Serum Cr (pmol/L) 

70.17 ± 3.88 

71.06 ± 3.26 

0.860 

Serum Na (mmol/L) 

139.26 ± 0.55 

139.77 ± 0.70 

0.577 

Child-Pugh class 
(A/B/C) 

23/5/1 

28/7/0 

0.529 

Child-Pugh score 

5.69 ± 0.21 

5.71 ± 0.18 

0.928 

MELD score 

3.93 ± 0.88 

4.51 ± 0.65 

0.593 

Main portal vein 
(fibrotic cord/ complete 
obstruction/ partial 
obstruction/ patency) 

27/0/1/1 

15/12/3/4 

< 0.001 

Right portal vein 
(obstruction/ patency) 

19/10 

30/5 

0.058 

Left portal vein 
(obstruction/ patency) 

21/8 

30/5 

0.188 

Splenic vein (obstruction 
and splenectomy/ 
patency) 

14/15 

25/10 

0.059 

Superior mesenteric vein 
(obstruction/ patency) 

11/18 

23/12 

0.027 


Data are expressed as quantitative data as frequency or mean ± SE. RBC: 
Red blood cell; Hb: Hemoglobin; WBC: White blood cell; PLT: Platelets; 
PT: Prothrombin time; INR: International normalized ratio; ALT: Alanine 
aminotransferase; AST: Aspartate aminotransferase; ALP: Alkaline phos¬ 
phatase; GGT: y-glutamyl transferase; ALB: Albumin; TBIL: Total biliru¬ 
bin; DBIL: Direct bilirubin; MELD: Model for end-stage liver disease. 

dents with variceai bleeding than those without (27/29 vs 
15/35, P < 0.001). In contrast, superior mesenteric vein 
obstruction was less frequendy observed in patients with 
variceai bleeding than those without (11/29 vs 23/35, P 
— 0.027). No significant relationship between Child-Pugh 
score and variceai bleeding was observed (Table 2). 

Clinical profile of patients with ascites 

The white blood cell (WBC) count, prothrombin time 
and INR were significantly higher, and albumin and 


Table 3 Clinical profile in 
ascites 

the patients with and without 

Variables 

Ascites 

No ascites 

P value 


(p = 20) 

0 n = 44) 


Age at admission (yr) 

36.60 ± 3.99 

29.98 ± 2.25 

0.127 

Sex (female/male) 

7 /13 

19/25 

0.537 

History of portal cavernoma (yr) 

2.38 ± 0.89 

4.28 ± 1.06 

0.264 

Variceai bleeding (yes/no) 

12/8 

21/23 

0.565 

Varices 

32/3/9 

14/3/3 

0.545 

(high risk/low risk/ no varices) 




Abdominal distension 

17/3 

20/24 

0.003 

(yes/no) 




Abdominal pain (yes/ no) 

9/11 

17/27 

0.631 

Hydrothorax (yes/no) 

10/10 

0/44 

< 0.001 

Jaundice (yes/no) 

2/18 

2/42 

0.403 

RBC (10 12 /L) 

3.94 ± 0.21 

3.96 ± 0.13 

0.944 

Hb (g/L) 

104.60 ± 6.55 

107.00 ± 5.04 

0.783 

WBC (10 9 /L) 

12.28 ± 2.83 

6.22 ± 0.62 

0.006 

PLT (10 9 /L) 

275.45 ± 53.28 

309.30 ± 42.86 

0.645 

PT (s) 

15.08 ± 0.41 

13.71 ± 0.28 

0.007 

INR 

1.23 ± 0.03 

1.11 + 0.02 

0.006 

ALT (U/L) 

24.65 ± 3.36 

32.39 ± 4.54 

0.282 

AST (U/L) 

28.85 ± 4.28 

30.93 ± 3.33 

0.717 

AST/ALT 

1.33 ± 0.18 

1.17 ±0.07 

0.305 

ALP (U/L) 

103.55 ± 10.29 

108.88 ± 10.21 

0.751 

GGT (U/L) 

46.70 ± 10.00 

38.64 ± 7.43 

0.535 

ALB (g/L) 

35.17 ± 0.91 

39.65 ± 0.64 

< 0.001 

TBIL (gmol/L) 

17.79 ± 2.92 

15.27 ± 1.39 

0.379 

DBIL (gmol/L) 

8.35 ± 1.57 

6.78 ± 1.05 

0.409 

Serum Cr (pmol/L) 

73.40 ± 5.16 

69.40 ± 2.77 

0.460 

Serum Na (mmol/L) 

138.01 ± 1.00 

140.24 ± 0.45 

0.021 

Child-Pugh class (A/B/C) 

8/11/1 

43/1/0 

< 0.001 

Child-Pugh score 

6.85 ± 0.26 

5.18 + 0.07 

< 0.001 

MELD score 

5.60 ± 0.93 

3.64 ± 0.63 

0.086 

Main portal vein 

18/2 

40/3 

0.908 

(obstruction/ patency) 




Right portal vein 

15/5 

34/10 

0.842 

(obstruction/ patency) 




Left portal vein 

16/4 

35/9 

0.967 

(obstruction/ patency) 




Splenic vein (obstruction and 

11/9 

28/16 

0.512 

splenectomy / patency) 




Superior mesenteric vein 

15/5 

19/25 

0.018 

(obstruction/ patency) 





Data are expressed as quantitative data as frequency or mean ± SE. RBC: 
Red blood cell; Hb: Hemoglobin; WBC: White blood cell; PLT: Platelets; 
PT: Prothrombin time; INR: International normalized ratio; ALT: Alanine 
aminotransferase; AST: Aspartate aminotransferase; ALP: Alkaline phos¬ 
phatase; GGT: y-glutamyl transferase; ALB: Albumin; TBIL: Total biliru¬ 
bin; DBIL: Direct bilirubin; MELD: Model for end-stage liver disease. 

serum sodium were significandy lower in patients with 
ascites than in those without (Table 3). A higher Child- 
Pugh score was also present in patients with ascites than 
in those without (6.85 ± 0.26 vs 5.18 ± 0.07, P < 0.001). 
Additionally, superior mesenteric vein obstruction was 
more frequently observed in patients with ascites than in 
those without (15/20 vs 19/44, P = 0.027). 

Treatment 

Ten patients were diagnosed with acute thrombotic epi¬ 
sodes. None presented with variceai bleeding, but four 
had high-risk varices detected by endoscopy. Mild ascites 
was found by CDUS in three patients. The main portal 
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vein was completely (» — 9) or partially (» = 1) obstruct¬ 
ed. After intravenous anticoagulation was administered 
for 2-5 d, abdominal pain was alleviated in 5 patients 
and aggravated in another 5 patients. For the 5 patients 
with improved abdominal pain, oral anticoagulation was 
continued. During follow-up, partial recanalization of the 
main portal vein was found in 1 patient, while the main 
portal vein became unidentifiable and was replaced by 
cavernous collateral vessels in the remaining 4 patients. 
One patient with high-risk varices experienced melena 2 
wk after anticoagulation. Anticoagulants were discontin¬ 
ued in this patient and were not resumed. For the 5 pa¬ 
tients with increased abdominal pain, thrombolytics were 
indirectly infused via the superior mesenteric artery in 3 
patients and directly via the portal vein in two patients. 
Of the 3 patients who received indirect thrombolysis, one 
became asymptomatic, while the other 2 patients under¬ 
went intestinal resection for ischemic intestinal infarction. 
One of the 2 patients died of pulmonary embolism 5 d 
after surgery. Of the 2 patients receiving direct throm¬ 
bolysis for 3-5 d, abdominal pain completely resolved. 
During follow-up, partial recanalization of the main 
portal vein was found in 2 patients, while the main portal 
vein was replaced by cavernous collateral vessels in the 
remaining 3 patients. No adverse events were recorded. 

Twenty-nine patients presented with acute (» = 7) and 
recurrent variceal bleeding (n = 22). Of the patients with 
acute variceal bleeding, 5 received pharmacological treat¬ 
ment, 1 had emergency endoscopic sclerotherapy and 
one underwent embolization of the gastric varices via a 
percutaneous trans-splenic approach. Active bleeding was 
controlled in these patients. One patient died of massive 
variceal rebleeding 49 d after discharge. Of the patients 
with recurrent variceal bleeding, TIPS placement was at¬ 
tempted after admission and was technically successful 
in eight patients. Of the remaining 14 patients with TIPS 
failure, 13 experienced at least one episode of rebleeding 
within 6 mo, and 1 was lost to follow-up. Three of these 
13 patients underwent splenectomy and devasculariza¬ 
tion, and 10 had repeated endoscopic treatments. 

Additionally, TIPS procedures were attempted in 4 
patients who presented with repeated episodes of ab¬ 
dominal distension over more than 4 years, and these 
were technically successful in three patients. After suc¬ 
cessful TIPS insertions, two patients with SMV throm¬ 
bosis developed shunt occlusions, and one of them 
presented with variceal hemorrhage that was controlled 
by endoscopic sclerotherapy. The shunt was patent in 
another patient. Preoperatively, his spleen was palpably 
enlarged 10 cm below the left costal margin. The size of 
the spleen was reduced, but the spleen remained clinically 
palpable at 20 mo after surgery. After TIPS failure, one 
patient underwent splenectomy for splenomegaly (6 cm 
below the left costal margin) and hypersplenism (a low 
WBC count of 1520 cells/mm 3 and a low platelet count 
of 32000/mm 3 ). 

Overall survival 

After a mean follow-up of 18 ± 2.41 mo, a total of seven 
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Figure 1 Overall survival In all patients (A), patients with and without vari¬ 
ceal bleeding (B) and patients with and without ascites (C). 

patients had died. Causes of death were pulmonary em¬ 
bolism in — 1), acute leukemia (» = 1), massive esopha¬ 
geal variceal hemorrhage (n — 1), progressive liver failure 
(n — 2), multiple liver abscesses (n — 1) and accident in — 
1). Overall, 6-, 12- and 36-mo cumulative survival rates 
were 94.9%, 86% and 86%, respectively (Figure 1A). Cu¬ 
mulative 6-, 12- and 36-mo survival rates were similar be¬ 
tween patients with and without variceal bleeding (92.8%, 
80.2% and 80.2% vs 97.1%, 92.5% and 92.5%, respective¬ 
ly, P = 0.269, Log-rank test) (Figure IB). Cumulative 6-, 
12- and 36-mo survival rates were significantly different 
between patients with and without ascites (90%, 61.5% 
and 61.5% vs 97.3%, 97.3% and 97.3%, respectively, P = 
0.0008, Log-rank test, Figure 1C). 
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Table 4 Univariate analysis of baseline variables predicting 
overall survival 

Variables 

HR 

95%CI 

P value 

Sex (female/male) 

0.559 

0.108-2.883 

0.487 

Age at admission 

1.032 

0.984-1.083 

0.194 

Age at first diagnosis 

18 yr/> 18 yr) 

0.840 

0.187-3.772 

0.820 

History of portal cavernoma 

0.989 

0.878-1.114 

0.857 

Varices (yes/no) 

0.428 

0.083-2.213 

0.311 

Variceal bleeding (yes/no) 

2.450 

0.475-12.653 

0.285 

Abdominal distension (yes/no) 

2.253 

0.435-11.657 

0.333 

Abdominal pain (yes/no) 

2.010 

0.450-8.989 

0.361 

Ascites (yes/no) 

15.066 

1.811-125.337 

0.012 

Hydrothorax (yes/no) 

6.638 

1.452-30.346 

0.015 

RBC 

0.681 

0.288-1.614 

0.383 

Hb 

0.987 

0.964-1.011 

0.302 

PLT 

1.000 

0.997-1.003 

0.900 

WBC 

1.099 

1.040-1.162 

0.001 

PT 

1.083 

0.751-1.562 

0.668 

INR 

5.253 

0.057-480.003 

0.471 

ALT 

0.970 

0.915-1.029 

0.312 

AST 

0.966 

0.905-1.032 

0.305 

AST/ALT 

2.328 

0.891-6.083 

0.085 

ALP 

1.003 

0.993-1.013 

0.558 

GGT 

1.003 

0.989-1.017 

0.684 

ALB 

0.932 

0.795-1.094 

0.392 

TBIL 

1.028 

0.969-1.091 

0.358 

DBIL 

1.036 

0.941-1.140 

0.470 

Serum Cr 

1.007 

0.971-1.045 

0.704 

Serum Na 

0.764 

0.635-0.918 

0.004 

Child-Pugh score 

1.573 

0.976-2.535 

0.063 

Child-Pugh class 
(class A/ class B and C) 

0.083 

0.009-0.763 

0.028 

MELD score 

1.067 

0.899-1.267 

0.459 

TIPS insertion (failure/ success) 

0.677 

0.095-4.806 

0.696 

Main portal vein 
(patency/ obstruction) 

0.042 

0.0001-1720.16 

0.558 

Main portal vein 

(no fibrotic cord/fibrotic cord) 

0.798 

0.155-4.113 

0.787 

Right portal vein 
(patency/ obstruction) 

2.269 

0.507-10.151 

0.284 

Left portal vein 
(patency/ obstruction) 

1.639 

0.318-8.455 

0.555 

Splenic vein (patency/ 
obstruction and splenectomy) 

0.533 

0.103-2.766 

0.454 

Superior mesenteric vein 
(patency/ obstruction) 

0.159 

0.019-1.330 

0.090 


RBC: Red blood cell; Hb: Hemoglobin; WBC: White blood cell; PLT: Plate¬ 
lets; PT: Prothrombin time; INR: International normalized ratio; ALT: Ala¬ 
nine aminotransferase; AST: Aspartate aminotransferase; ALP: Alkaline 
phosphatase; GGT: y-glutamyl transferase; ALB: Albumin; TBIL: Total 
bilirubin; DBIL: Direct bilirubin; MELD: Model for end-stage liver disease; 
TIPS: Transjugular intrahepatic portosystemic shunt. 

Given that the risk factors of EHPVO were detected 
in only half of the patients, they were not included in the 
prognostic analysis. In the univariate analysis, variables 
that were significantly associated with reduced survival 
included the presence of ascites and hydrothorax, a low 
level of serum sodium, an elevated WBC count and a 
high Child-Pugh class (Table 4). Multivariate backward 
stepwise Cox regression analysis demonstrated that the 
presence of ascites (HR = 10.729, 95%CI: 1.209-95.183, 
P = 0.033) and an elevated WBC count (HR = 1.072, 
95%CI: 1.014-1.133, P = 0.015) were independent pre¬ 


dictors of increased mortality in non-malignant and non¬ 
cirrhotic patients with portal cavernoma. 


DISCUSSION 

This study was primarily designed to evaluate the outcome 
of non-malignant and non-cirrhotic patients with portal 
cavernoma and to determine prognostic factors. Our study 
demonstrated that most patients with portal cavernoma 
in the absence of cirrhosis or malignancy had a relatively 
benign course (overall cumulative survival rate was 86% 
at 60 mo), which is similar to the excellent outcomes of 
non-cirrhotic patients with portal vein or splanchnic vein 
thrombosis reported by previous studies 1 ” 3 " 251 . However, it 
should be noted that all deaths occurred within the first 
year after admission, which is explained by the following 
points. First, a long history of portal cavernoma was re¬ 
corded in some patients. It is possible that the underlying 
disease or liver dysfunction had already become severe in 
these patients, warranting referral to our highly specialized 
center. Second, as shown previously, the overall mortality 
of splanchnic vein thrombosis patients with intestinal in¬ 
farction is high 1 ”’ 1 . As a primary cause of death, intestinal 
infarction and its secondary severe complications often 
occur at the early stage. In our study, one of two patients 
who underwent bowel resection for intestinal infarction 
died 5 d after surgery. 

Despite the high prevalence of variceal bleeding in our 
patients, the incidence of death was not significant (only 
one patient died of massive variceal bleeding), mainly 
due to advances in treatment modalities for controlling 
bleeding and well-preserved liver function in these pa¬ 
tients. More importantly, we found that the presence of 
ascites might act as the most important prognostic factor 
for death. This finding could be explained by the higher 
incidence of liver dysfunction in patients with ascites. 
Indeed, the deterioration of liver function is caused not 
only by the presence of ascites itself, but also by a higher 
prothrombin time and INR and a lower level of serum 
albumin and sodium, which are closely correlated with the 
presence of ascites. Based on the prognostic significance 
of ascites in non-malignant and non-cirrhotic patients 
with portal cavernoma, therapeutic decision making needs 
to be further altered. Once ascites is detected, we should 
pay more attention to early diagnosis and treatment of un¬ 
derlying comorbidities and liver dysfunction. Accordingly, 
we hypothesize that the prevention and treatment of liver 
dysfunction should be incorporated into the treatment 
strategy for portal cavernoma 141 . 

We also found that an elevated WBC count was an in¬ 
dependent predictor of survival. This might be explained 
by the fact that comorbidities, such as acute leukemia (n 
— 1) and multiple liver abscesses (n = 1) could be more 
common in patients with an elevated WBC count. How¬ 
ever, it should be noted that the effect size was very small 
(hazard ratio was very close to 1). Therefore, the signifi¬ 
cance of WBC count on patient survival might be clini¬ 
cally slight. 
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Our study has several limitations. First, only patients 
diagnosed with portal cavernoma were included in this 
study. The inclusion criteria may influence the application 
of prognostic factors in patients with acute EHPVO. 
However, we believe that it was important to differenti¬ 
ate between the outcomes of acute EHPVO and portal 
cavernoma, because of their dissimilar clinical presenta¬ 
tions and natural history. Second, the prevalence and sig¬ 
nificance of underlying etiological factors in patients with 
EHPVO are discussed elsewhere 1 ' 3 ’ 14 " 6 ’ 271 , but not in this 
study. Therefore, we can not demonstrate the association 
between survival and prothrombotic factors, including 
acquired and inherited factors. Further work is warranted 
to explore the effect of etiological factors on survival. 
Third, given the excellent outcome of non-malignant 
and non-cirrhotic patients with portal cavernoma, mean 
follow-up time was relatively short and a low propor¬ 
tion of patients met the endpoints in our study. This bias 
might miss other potential prognostic factors. An ex¬ 
tended follow-up should be carried out in future studies. 
Fourth, the laboratory analysis of ascitic fluids was not 
performed. We could not exclude the possibility of spon¬ 
taneous bacterial peritonitis, especially in cases with an 
elevated WBC. Finally, given that the number of deaths 
was only 7, the multivariate Cox regression analysis might 
be inappropriate. Indeed, the number of variables includ¬ 
ed in the multivariate analysis might introduce the risk of 
overfitting the data, thereby leading to a high risk of false 
positive results. Therefore, the conclusions of this analy¬ 
sis should be taken with caution and further confirmed in 
larger studies. 

In conclusion, our study suggests that the presence 
of ascites and an elevated WBC count are significantly 
associated with increased mortality in non-malignant and 
non-cirrhotic patients with portal cavernoma. Further 
studies are needed to confirm the prognostic significance 
of ascites in these patients and to establish a new thera¬ 
peutic strategy based on the presence of ascites. 
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needs to be further altered. 

Terminology 

Portal cavernoma, also known as cavernous transformation of the portal vein, 
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Abstract 

AIM: To compare the efficacy and side effects of low- 
dose amitriptyline (AMT) with proton pump inhibitor 
treatment in patients with globus pharyngeus. 

METHODS: Thirty-four patients who fulfilled the 
Rome HI criteria for functional esophageal disorders 
were included in this study. Patients were randomly 
assigned to receive either 25 mg AMT before bedtime 
(AMT group) or 40 mg Pantoprazole once daily for 4 wk 
(conventional group). The main efficacy endpoint was 
assessed using the Glasgow Edinburgh Throat Scale 
(GETS). The secondary efficacy endpoints included the 
Medical Outcomes Study 36-item short form health 
survey [social functioning (SF)-36] and the Pittsburgh 
Sleep Quality Index. Treatment response was defined 
as a > 50% reduction in GETS scores. All patients en¬ 
tering this study recorded side effects at days 1, 8, 15, 
22 and 29 using a visual analogue scale. 

RESULTS: Thirty patients completed the study. After 4 


wk of treatment, the AMT group had a greater response 
than the conventional group (75% vs 35.7%, P= 0.004). 
At day 3, the AMT group showed significantly more im¬ 
provement than the Conventional group in GETS score 
(3.69 ± 1.14 vs 5.64 ± 1.28, P= 0.000). After 4 wk of 
treatment, the AMT group showed significantly greater 
improvement in GETS score and sleep quality than the 
Conventional group (1.25 ± 1.84 vs 3.79 ± 2.33, 4.19 
± 2.07 vs 8.5 ± 4.97; P < 0.01 for both). Additionally, 
the AMT group was more likely than the Conventional 
group to experience improvement in the SF-36, includ¬ 
ing general health, vitality, social functioning and mental 
health (P = 0.044, 0.024, 0.049 and 0.005). Dry mouth, 
sleepiness, dizziness and constipation were the most 
common side effects. 

CONCLUSION: Low-dose AMT is well tolerated and 
can significantly improve patient symptoms, sleep and 
quality of life. Thus, low-dose AMT may be an effective 
treatment for globus pharyngeus. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved. 

Key words: Amitriptyline; Globus pharyngeus; Side ef¬ 
fect; Pantoprazole; Treatment response 


Core tip: A literature review reveals that there is no sin¬ 
gle effective treatment for patients with globus pharyn¬ 
geus. Low-dose amitriptyline (AMT) is extensively used 
to treat functional gastrointestinal disorders, especially 
in cases with prolonged severe symptoms and disorders 
that affect daily function. However, no data regarding 
the possible effects of AMT in patients with globus pha¬ 
ryngeus are available. In this study, we conclude that 
low-dose AMT is well tolerated and can significantly im¬ 
prove patient symptoms. Thus, we recommend the use 
of low-dose AMT for globus pharyngeus. 


You LQ, Liu J, Jia L, Jiang SM, Wang GQ. Effect of low-dose 
amitriptyline on globus pharyngeus and its side-effects. World J 
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INTRODUCTION 

Globus pharyngeus is a condition characterized by a non¬ 
painful sensation of a lump in the throat in the absence 
of true dysphagia or odynophagia; the sensation fre- 
quendy improves with eating 11 '. It is a common condition 
that accounts for approximately 4% of otolaryngological 
referrals' 2 ', and it is usually long-lasting, difficult to treat, 
recurrent and associated with a significant impairment in 
quality of life. Furthermore, due to the uncertain etiology 
of globus, it remains difficult to establish standard inves¬ 
tigation and treatment strategies for affected patients. 

Amitriptyline (AMT) is a tricyclic antidepressant with 
limited application due to the side effects caused by high 
doses (100 mg/d). In recent years, low-dose AMT has 
been shown to be well tolerated and significandy effective 
in improving the functional gastrointestinal disorders'’" 11 '. 
In 1994, Deary et af' were the first to attempt a prospec¬ 
tive, randomized, double-blinded, placebo-controlled trial 
investigating the effectiveness of AMT in patients with 
globus pharyngeus. Most patients could not tolerate the 
side effects of AMT at doses of 50 mg/d to 150 mg/d, 
resulting in treatment failure. To the best of our knowl¬ 
edge, evidence supporting the possible effects of low- 
dose AMT in patients with globus pharyngeus has not 
been reported. 

Therefore, the aim of this study was to investigate the 
response rate, onset time, side effects and clinical predic¬ 
tors of symptom response to low-dose AMT treatment 
in patients with globus pharyngeus. 


MATERIALS AND METHODS 

Patients 

In this prospective study, we enrolled 34 patients who 
complained of globus symptoms between September 
2011 and January 2013. All patients were between 12 and 
65 years of age and were newly diagnosed as having func¬ 
tional esophageal disorders based on the following Rome 
HI criteria'': (1) persistent or intermittent, nonpainful 
sensation of a lump or foreign body in the throat; (2) oc¬ 
currence of the sensation between meals; (3) absence of 
dysphagia or odynophagia; (4) absence of evidence that 
gastroesophageal reflux is the cause of the symptom; and 
(5) absence of histopathology-based diagnosis of esoph¬ 
ageal motility disorders. All included patients fulfilled the 
criteria for the last 3 mo, with symptom onset at least 6 
mo before diagnosis. All patients underwent otolaryn¬ 
gological assessment with neck/thyroid palpation and 
gastroscopy or laryngoscopy, and none had any organic 
abnormality on assessment. The following exclusion 
criteria were adopted: hepatic or renal disease; prostatic 
disease; pregnancy or breast feeding; known glaucoma; 


history of seizures; history of thyroid or liver dysfunc¬ 
tion; recent use of monoamine oxidase inhibitors; use 
of any proton pump inhibitor (PPI) or histamine type 2 
receptor antagonist during the last 2 mo; use of tranquil¬ 
izers or antidepressants that may affect esophageal motor 
function; and moderate to severe anxiety or depression 
(14-item Hamilton Anxiety Rating Scale assessed from 
0 to 13 points and 17-item Hamilton Depression Rating 
Scale assessed from 0 to 17 points). 

Study design and procedures 

This study was a prospective, randomized controlled trial 
in globus pharyngeus patients and was approved by the 
hospital ethics committee (Clinical trial registration num¬ 
ber: ChiCTR-TRC-12001968). Written informed consent 
was obtained from the patients according to the Declara¬ 
tion of Helsinki. 

Thirty-four eligible patients were randomized to 
receive either 25 mg AMT once daily before bedtime 
or 40 mg Pantoprazole once daily for 4 wk. Treatment 
was allocated by a simple randomization method using a 
computer-generated randomization schedule. Ultimately, 
17 patients received AMT, and 17 patients received 
Pantoprazole. The primary endpoint was assessed using 
the Glasgow Edinburgh Throat Scale (GETS) question- 
naire' 11 '. We observed the onset time and the treatment 
efficiency on days 3 and 10 and week 4, and evaluated the 
social functioning (SF)-36 and Pittsburgh sleep quality in¬ 
dex (PSQI) scores at baseline and at week 4 as secondary 
endpoints p ' 10 '. 

All patients entering this study recorded side effects. 
The severity of side effects was evaluated using a visual 
analogue scale (VAS) administered on days 1, 8, 15, 22 
and 29 after medication. 

GETS 

The GETS questionnaire provided both the primary and 
secondary outcomes. It is a validated questionnaire used 
to rate globus pharyngeus symptoms. The globus symp¬ 
tom score component is based on 10 questions assessing 
various throat symptoms. Patients subjectively grade their 
symptoms for each question on a 7-point Likert scale, 
with 0 being “none” and 7 being “unbearable”. These 
compiled questions yield a score that represents the se¬ 
verity of the patient’s globus symptoms, with a maximum 
possible score of 70. The secondary outcome is the 
somatic distress score, which represents the psychologi¬ 
cal impact of the patient’s symptoms. This component 
of the questionnaire is also graded on a 7-point Likert 
scale, with 0 being “never” and 7 being “all of the time”. 
This yields a maximum total score of 14. Both the over¬ 
all symptom score and the somatic distress score can be 
used over time to assess the severity of the disease. 

Medical outcomes study 36-item short form health 
survey 

The SF-36 is the most commonly used scale for assessing 
patient quality of life, and it includes eight dimensions: 
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Figure 1 Consort diagram. 


Table 1 Demographic and baseline characteristics of the 
study patients 

Variable 

AMT group 

Conventional group 

P value 


n = 16 

n = 14 


Age (yr) 

43.19 + 10.96 

42.93 ± 13.1 

0.953 

Gender (male/female) 

6/10 

5/9 

1.000 

BMI 

21.54 ± 2.09 

23.01 ± 3.49 

0.166 

Smoking habit 

4 (18.75%) 

3 (21.42%) 

1.000 

Alcohol consumption 

6 (37.5%) 

5 (35.71%) 

1.000 

Symptom duration (yr) 

1.44 ± 0.66 

1.54 ± 0.89 

0.731 

GETS 

5.44 ± 1.63 

5.71 ± 1.38 

0.623 

PSQI 

8.75 ± 4.68 

8.71 ± 5.27 

0.984 


Values are represented as the mean ± SD. AMT: Amitriptyline; BMI: Body 
mass index; GETS: Glasgow Edinburgh Throat Scale; PSQI: Pittsburgh 
sleep quality index. 


physical functioning, role-physical (RP), bodily pain, 
general health (GH), vitality (VT), SF, role-emotional 
(RE), and mental health (MH). A higher score indicates a 
better quality of life. 

PSQI 

Prepared by psychiatrist Buysse et aP\ the PSQI assesses 
seven areas, including sleep quality, the time to fall asleep, 
sleep time, sleep efficiency, sleep disturbance, use of 
sleep medication and daytime dysfunction. In total, 18 
items were used for the calculation of the PSQI score. 
Higher scores represent worse sleep quality, and a score 
> 7 points indicates the presence of a sleep disorder. 

Treatment response 

Treatment response was defined as a > 50% reduction in 
the GETS score. The response was calculated as: [(score 
at treatment - score at baseline)/score at baseline] x 100. 
The treatment responses of the two groups were calcu¬ 
lated separately. 

Statistical analysis 

Data analysis was performed using SPSS 13.0 software 

IZ 
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Table 2 Change in glasgow edinburgh throat scale score 
and Pittsburgh sleep quality index in patients treated with 
amitriptyline vs pantoprazole and incidence of side effects n (%) 


Variable 

AMT group 

n=16 

Conventional group 

o=14 

P value 

GETS score 

Baseline 

5.44 + 1.63 

5.71 + 1.38 

0.623 

3d 

3.69 + 1.14 1 

5.64 + 1.28 

0.000 

10 d 

2 + 1.71 1 

5.36 + 1.22 

0.000 

4 wk 

1.25 ± 1.84 1 

3.79 ± 2.33 1 

0.002 

Treatment response 

12 (75) 

5 (35.71) 

0.004 

PSQI 

4.19 + 2.07 

8.5 ± 4.97 

0.008 

Adverse effect 

Dry mouth 

12 (75) 

4 (28.5) 

0.026 

Sleepiness 

11 (68.8) 

2 (14.3) 

0.004 

Dizziness 

4(25) 

1 (7.1) 

0.336 

Constipation 

3 (18.8) 

1 (7.1) 

0.602 

Palpitations 

1 (6.3) 

0(0) 

1.000 

Malaise 

1 (6.3) 

0(0) 

1.000 


Statistically significant difference from baseline, P < 0.05 between the two 
groups. AMT: Amitriptyline; GETS: Glasgow Edinburgh Throat Scale; 
PSQI: Pittsburgh sleep quality index. 


(SPSS Inc., Chicago IL, United States), and the mea¬ 
surement data are reported as the mean ± SD; baseline 
parameters and differences between the two treatments 
were compared using Student’s / test. The scores at 
baseline and after AMT or Pantoprazole treatment were 
compared by paired / test. The VAS scores of side effects 
were analyzed using thetest or Fisher’s exact test. P < 
0.05 was considered statistically significant. 


RESULTS 

Study participants 

A total of 34 patients with globus symptom were enrolled 
in the study. All patients were randomized to receive ei¬ 
ther AMT or Pantoprazole. Of these patients, four were 
lost to follow-up. A total of 30 patients (AMT 16, Panto¬ 
prazole 14) completed the study (Figure 1). The baseline 
characteristics of the patients are shown in Table 1. No 
differences were observed between the two groups in age, 
gender, body mass index, smoking habit, alcohol con¬ 
sumption, symptom duration, GETS score or PSQI score. 

Primary efficacy endpoint 

The rate of effectiveness was calculated in the two groups 
after 4 wk of treatment, the response rate of the AMT 
group was significantly higher than that of the Conven¬ 
tional group (75% vs 35.7%, P = 0.004, Table 2). Com¬ 
pared with the Conventional group, the GETS scores 
of the AMT group were significantly improved at days 
3 and 10, and week 4 (all P < 0.01, Table 2). Compared 
with baseline, the GETS scores of the AMT group were 
significantly reduced at days 3 and 10 and week 4 (all P < 
0.05). However, the GETS scores of the Conventional 
group were significantly reduced only after 4 wk of treat¬ 
ment. The onset time in the AMT group was significantly 
earlier than that in the Conventional group. 
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Table 3 Changes in social functioning-36 subscale scores in 
patients treated with amitriptyline vs Pantoprazole 


Variable Baseline Week 4 P value 


PF 

AMT 

95 ± 11.4 

95.94 ± 11.14 

0.945 


Conventional 

93.93 ± 7.12 

95.71 ± 4.75 


RP 

AMT 

64.06 ± 37.6 

81.25 ± 26.61 1 

0.929 


Conventional 

66.07 ±37.48 

80.36 ± 28.04 1 


BP 

AMT 

89.38 ± 16.52 

90.63 ± 14.55 

0.498 


Conventional 

85.57 ±20.68 

86.29 ± 19.96 


GH 

AMT 

56.75 ± 20.92 

73 ± 17.57 1 

0.044 


Conventional 

49.86 ± 22.49 

58.71 ± 19.57 1 


VT 

AMT 

70.63 ± 18.15 

88.44 ± 7.01 1 

0.024 


Conventional 

71.79 ± 24.7 

73.21 ± 24.39 


SF 

AMT 

75 ± 18.25 

92.97 ± 13.67 1 

0.049 


Conventional 

77.68 ± 18.46 

81.25 ± 17.51 1 


RE 

AMT 

68.76 ± 35.42 

79.18 ± 23.96 1 

0.384 


Conventional 

61.91 ± 41.05 

69.05 ± 38.04 


MH 

AMT 

68.75 ± 15.68 

83.5 ± 10 1 

0.005 


Conventional 

65.43 ± 19.32 

69.14 ± 15.72 



Statistically significant difference compared with baseline, P < 0.05 
between the two groups. AMT: Amitriptyline; PF: Physical functioning; 
RP: Role-physical; BP: Bodily pain; GH: General health; VT: Vitality; SF: 
Social functioning; RE: Role-emotional; MH: Mental health. 


Secondary efficacy endpoints 

Compared with the Conventional group, the AMT group 
exhibited significant improvements in the GH, VT, SF, 
MH scales of the SF-36 (all P < 0.05, Table 3). Compared 
with baseline, the AMT group exhibited significant im¬ 
provements in RP, GH, VT, SF, RE and MH (all P < 0.05). 
The Conventional group experienced significant improve¬ 
ments in only RP, GH and SF (all P < 0.05, Table 3). 

The AMT group also showed a significant improve¬ 
ment in PSQI compared with the Conventional group 
(4.19 ± 2.07 vs 8.5 ± 4.97, P = 0.008, Table 2). Com¬ 
pared with baseline, the AMT group exhibited signifi¬ 
cant improvement. However, there were no significant 
differences in PSQI at baseline and after pantoprazole 
treatment (P > 0.05). 

Adverse effects 

The various adverse events reported in the two treatment 
groups are shown in Table 2. The incidence rates of dry 
mouth and sleepiness in the AMT group were signifi¬ 
cantly higher than in the Conventional group (P = 0.026, 
P = 0.004, Table 2). The incidence rates of dizziness and 
constipation were also somewhat higher in the AMT 
group than in the Conventional group, although the dif¬ 
ference was not statistically significant (P = 0.336, P = 
0.602, Table 2). 

As shown in Figure 2, sleepiness and dizziness almost 
disappeared within 1 wk. Patients who had dry mouth 
and constipation symptoms experienced significant relief 
after receiving AMT for 2 wk. No serious adverse events 
occurred in either group. 


DISCUSSION 

There is no consistent evidence attributing globus to any 




Figure 2 Side effect diagrams. VAS: Visual analogue scale. 
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specific anatomic abnormality, including the cricopha¬ 
ryngeal bar. Although it has been long since it was first 
described, the etiology of globus pharyngeus is poorly 
understood. Abnormal upper esophageal sphincter func¬ 
tion, esophageal motility disorders, psychological factors, 
stress, and Helicobacter pylori infection of the cervical het¬ 
erotopic gastric mucosa have all been suggested as po¬ 
tential causes of globus 1 ’ 1 ' 131 . There is much controversy 
about the true etiology of globus pharyngeus, and it has 
been difficult to establish a causal relationship between 
globus and these other disordersIn addition, esopha¬ 
geal balloon distention can simulate the sensation of glo¬ 
bus at low distending thresholds, suggesting some degree 
of esophageal hypersensitivity 1 ’ 1 . Because there are few 
controlled studies on the treatment of globus, evidence- 
based treatment for this disorder is currently not avail¬ 
able. Some studies have suggested that gastroesophageal 
reflux disease (GERD) is a major cause of globus 1 ’ 6,17 " 191 . 
Therefore, it seems practical to use anti-reflux methods 
as the first-line treatment for managing patients with 
globus 1 ” 1 , although this protocol remains under consider¬ 
able debate. Other established treatment options include 
speech and language therapy, anti-depressants, and cogni¬ 
tive-behavioral therapy 1 ’ 1,2 " -2] . 

Low-dose AMT has been used widely in gastroen- 
terologic practice. Morgan et aP^ demonstrated that the 
doses for the analgesic and neuromodulatory effects of 
AMT were below the effective doses of the antidepres¬ 
sant. Huang et aP 41 observed that low-dose AMT could 
reduce visceral sensitivity using the noninvasive drinking- 
ultrasonography test in healthy volunteers. However, our 
understanding of the mechanism of action of this agent 
is limited. A commonly held hypothesis is that AMT, 
which indirectly stimulates norepinephrine and serotonin 
receptors by blocking the reuptake of norepinephrine 
and serotonin, works as a neuromodulator, affecting 
the brain-gut axis by altering neurotransmitter systems 
within the limbic system and other pain centers of the 
brain 1-31 . In addition, one study showed that AMT can 
alter sleep patterns 1-31 . Our study also confirmed that the 
AMT group showed significantly greater improvement in 
sleep than the Conventional group. We hypothesize that 
the overall effects of amitriptyline in patients with globus 
arise from its central nervous system activity, as altering 
sleep patterns modulates the regulation of the noradren¬ 
ergic system of the locus coeruleus (a brain center inhib¬ 
ited during sleep), which alters nociception. 

In our study, 5 of 14 (35.7%) patients with globus 
pharyngeus receiving PPI treatment as a conventional 
therapy were classified as responders. Dumper et aP‘' ] 
demonstrated that there was no clinically or statistically 
significant difference between lansoprazole and placebo 
at any time point during a 3-mo treatment period. There¬ 
fore, it is important to note that although GERD is a 
condition that is sometimes associated with globus, this 
does not mean that all globus is GERD-related or that 
all GERD patients have globus. Thus, PPI treatment in 
patients with globus may not achieve satisfactory results. 


To our knowledge, this is the first prospective, ran¬ 
domized controlled trial investigating the effectiveness 
of a therapeutic low dose of AMT in globus patients. 
The treatment efficiency of the AMT group was 75%, 
significantly greater than that of the Conventional group 
(35.7%). After 3 d of treatment, the symptoms, sleep, and 
quality of life of the AMT group improved more than 
those of the Conventional group. During treatment, av¬ 
erage cost in the AMT group was also significantly lower 
than that in the Conventional group. 

There are several limitations of this study. First, al¬ 
though many patients with globus symptoms and normal 
examinations were seen in our clinic, this study included 
only a small sample of patients with globus. A number of 
patients had recently started on PPI or were diagnosed 
with moderate to severe anxiety or depression, and ex¬ 
cluding these patients resulted in a decreased number of 
cases in this study. Second, it is possible that the course 
of medication in our study was too short; the standard 
duration of AMT administration in the clinic is 4-12 
wk [-7 l We also evaluated only the response to short-term 
PPI treatment and did not investigate the response to 
long-term PPI treatment (3 or more months). 

In conclusion, low-dose AMT is well tolerated and 
may be effective in reducing the symptoms of patients 
with globus pharyngeus while also significantly improv¬ 
ing sleep and quality of life. However, further studies 
with larger sample sizes and longer follow-up periods are 
needed to verify our results. 
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Background 

Low-dose amitriptyline (AMT) is extensively used for treating functional gastro¬ 
intestinal disorders, although its precise mechanism of action is still not fully un¬ 
derstood. In 1994, Deary et at performed the first study investigating the effec¬ 
tiveness of high-dose AMT (50-150 mg/d) in patients with globus pharyngeus. 
However, most patients could not tolerate the side effects of high doses of AMT, 
resulting in treatment failure. The effect of low-dose AMT in patients with globus 
pharyngeus has not been reported. 

Research frontiers 

There is currently a lack of highly effective pharmacotherapy for globus pha¬ 
ryngeus. Low-dose AMT may be a good choice of treatment for patients with 
globus pharyngeus. 

Innovations and breakthroughs 

This is the first prospective, randomized controlled trial evaluating the effective¬ 
ness of a therapeutic low dose of AMT in globus patients. The results revealed 
that low-dose AMT is well tolerated and can significantly improve patient 
symptoms, sleep and quality of life. 

Applications 

Low-dose AMT can be significantly effective in improving the symptoms and 
quality of life of the patients, thereby supporting its clinical applicability for gas¬ 
trointestinal disorders. 
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Terminology 

Globus pharyngeus is a physical sensation of a lump in the throat that causes 
difficulty or discomfort in swallowing. The sensation may also be choking or 
feeling as though there is a mass lodged in the esophagus. AMT is a tricyclic 
antidepressant that is extensively used to treat functional gastrointestinal dis¬ 
eases, especially in cases with prolonged severe symptoms and daily functional 
disorders. 

Peer review 

This is an interesting paper evaluating the effect of low-dose AMT on globus 
pharyngeus. The study is reasonably well done, and the design and outcome 
assessment are standardized. 
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Abstract 

AIM: To compare the long-term clinical efficacy of 
chemotherapy plus radiotherapy (CRT) with that of ra¬ 
diotherapy alone (RT) or chemotherapy alone (CT) for 
locally advanced pancreatic carcinoma (LAPC). 

METHODS: Using manual and computer-aided meth¬ 
ods, we searched the data through the databases, 
including PubMed/EmBase/CNKI/CQVIP/China Journals 
Full Text Database and websites and proceedings of 
major annual meetings such as ASCO and CSCO. The 
methodological quality of the included studies was as¬ 
sessed using the Jadad scoring system. Both English 
and Chinese publications were searched. We collected 
data from controlled clinical trials on CRT vs RT or CT 
for LAPC, and conducted a meta-analysis of 15 included 


studies. Meta-analysis was performed using RevMan4.2 
Software according to the method recommended by 
Cochrane Collaboration. 

RESULTS: Fifteen eligible randomized controlled tri¬ 
als including a total of 1128 patients were screened. 
Jadad score was 2 in only one article, and 3-4 in the 
remaining 14 studies. The meta-analysis showed that 
CRT was superior in the 6- and 12-mo survivals to the 
RT alone group or CT alone group (A = 0.0001 and P = 
0.02, respectively), whereas the 18-mo survival showed 
no significant difference (A = 0.23). Subgroup analysis 
showed that the 6-, 12-, and 18-mo survivals were not 
significantly different between the CRT group and CT 
group (P = 0.07, P = 0.23, and P = 0.91, respectively). 
Notably, the CRT group had significantly better 6-, 12-, 
and 18-mo survivals than the RT group (ail P < 0.01). 
CRT group had significantly more grade 3-4 treatment- 
related hematologic and non-hematologic toxicities 
than the CT group or RT group (all P < 0.01). 

CONCLUSION: Compared with CT or RT, CRT can 
benefit the long-term survival of LAPC patients, al¬ 
though it may also increase treatment-related toxicities. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved. 

Key words: Pancreatic cancer; Chemotherapy; Radio¬ 
therapy; Meta-analysis; Survival 


Core tip: To compare the long-term clinical efficacy 
of chemotherapy plus radiotherapy (CRT) with that of 
radiotherapy alone (RT) or chemotherapy alone (CT) 
for locally advanced pancreatic carcinoma (LAPC), the 
authors analyzed the potential impact of CRT, CT or 
RT on the survival of the patients using meta-analysis 
methodologies. Meta-analysis showed that compared 
with CT or RT, CRT can benefit the long-term survival 
of LAPC patients, although it may also increase treat¬ 
ment-related toxicities. 
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INTRODUCTION 

Pancreatic cancer is the fourth leading cause of cancer-re¬ 
lated death in the United States 1 ’ 1 . Over the past decades, 
the standard treatment for patients with inoperable local¬ 
ly advanced pancreatic cancer (LAPC) was chemotherapy 
alone (CT) or chemo-radiation therapy (CRT) 12 " 41 ; how¬ 
ever, the median survival time was only 6-9 mo, and less 
than 10% of patients survived for 2 years 15 '. Definitive 
results of the 2000-01 FFCD/SFRO study, in which pa¬ 
tients randomly received CRT (60 Gy + 5-fluorouracil + 
cisplatin + gemcitabine) or CT, showed that the progres¬ 
sion free survival (PFS) and overall survival (OS) were 
not significantly different between these two groups 1 ’' 1 . On 
the contrary, the Eastern Cooperative Oncology Group 
(ECOG) study, which randomly divided the LAPC pa¬ 
tients into a gemcitabine chemotherapy group and a 
gemcitabine + radiotherapy group, showed that the CRT 
group had significantly superior OS over the CT group; 
meanwhile, treatment-related toxicity in the CRT group 
was acceptable. In the present study, we analyzed the po¬ 
tential impact of CRT or CT or radiotherapy alone (RT) 
on the survival using meta-analysis methodologies in an 
attempt to obtain more robust evidence. 


MATERIALS AND METHODS 

Literature collection 

The search strategy was: exp pancreas/(pancreas.tw.exp); 
pancreatic neoplasms/(pancreas adj neoplasms, pancreas 
adj cancers, pancreas adj carcinomas); 30-38 exp drug 
therapy/exp chemotherapy adjuvant/chemotherapy; 
chemoradiotherapy (combin adj chemotherapy, concur¬ 
rent adj chemoradiotherapy; 49-50 exp radiotherapy/exp 
radiotherapy adjuvant/radiotherapy. 

The literature search was conducted in both English 
and Chinese publications. The data sources included 
PubMed (1964-2012), EmBase (1964-2012), CNKI 
(1979-2012), CQVIP(1979-2012), China Journals Full 
Text Database (1979-2012), websites ( e.g ., Web of Sci¬ 
ence) and proceedings of major annual meetings such 
as ASCO (1995-2012) and CSCO (1995-2012). Internet 
searches were carried out and bibliographies of included 
articles were searched. Finally, the Chinese references 
in the selected articles were reviewed for other relevant 
studies. The latest updates of serial clinical studies were 
used. Date of last search was October 15, 2012. 

Inclusion and exclusion criteria 

Inclusion criteria: (1) Patients were pathologically con¬ 


firmed to have locally advanced pancreatic malignant 
tumors (Tumors were judged as nonresectable due to 
extension to regional lymph nodes and/or vascular struc¬ 
tures such as the superior mesenteric artery or the celiac 
trunk or the existence of a portal or superior mesenteric- 
portal venous confluent thrombosis), which were naive 
to surgical treatment or other anti-tumor therapies before 
enrollment; (2) the study was a prospective randomized 
controlled trial; (3) the interventions only included radio¬ 
therapy and/or chemotherapy; (4) the main endpoint was 
survival, and the observation lasted at least 6 mo, along 
with survival records; and (5) except for the treatment 
methods, the treatment group was parallel with the con¬ 
trol group. 

Exclusion criteria: (1) Patients with metastatic pancreatic 
cancer; individuals who suffered from relapse after anti¬ 
tumor treatment; patients who had previously received 
surgical treatment; patients with non-LAPC; (2) non-pro- 
spective and non-randomized/non-controlled studies; (3) 
other interventions were applied in addition to radiothera¬ 
py and chemotherapy; (4) only local efficacy was evaluated 
and no data on survival was available; and (5) low-quality 
studies that had a Jadad score of less than 2. 

Quality assessment 

Assessment of the included literature: Two reviewers 
independently conducted methodological quality assess¬ 
ment and data retrieval. Cross-checking was then per¬ 
formed; any disagreements were resolved by discussion 
and, if necessary, a third reviewer. The methodological 
quality of the included studies was assessed using the 
Jadad scoring system: (1) Was the study described as ran¬ 
domized? Were the patients actually randomized into the 
treatment group or control group, and both the observers 
and patients did not know which group would be allocat¬ 
ed? (2 = the appropriate randomization method was de¬ 
scribed; 1 = the author claimed the use of a randomiza¬ 
tion method); (2) Except for the targeted intervention(s), 
were the other procedures consistent between these two 
groups? (3) Was the study described as blinded (2 = both 
the patients and observers were blinded, and the blind¬ 
ing method was described; 1 = the author claimed that a 
double-blinding method was applied; 0 = not blinded); 
and (4) Was there a description of exclusion bias (i.e., 
systematical difference of the withdrawals and drop-outs 
between these two groups; scored 0 or 1 for any reason 
of drop-outs). The final score ranged from 1 to 5. Stud¬ 
ies scored 3 or higher were judged as “high-quality”, and 
those scored 1 or 2 as “poor-quality”. The criteria for 
methodological quality analysis were developed: (1) ran¬ 
domization; (2) blinding; (3) withdrawal or drop-outs; (4) 
allocation concealment; and (5) adoption of intentional 
analysis. The quality of the included literature was pre¬ 
sented as weightings in a forest plot. 

Assessment of the result quality: Using evidence-based 
medicine principles, we conducted a quality assessment 
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Figure 1 Flow diagram depicting the process of identification and inclu¬ 
sion of selected studies. RCT: Randomized controlled trials. 

on the design of evidence sources and finally obtained 
the quality of the meta-analysis results. 

Statistical analysis 

Meta-analysis was performed using RevMan4.2 Software. 
For clinical trials reporting the summary measures or 
Kaplan-Meier curves, we applied the published statistical 
methods to analyze the risk ratio and the variance of the 
temporal data that cause the events 17,81 . The statistical het¬ 
erogeneity of the clinical trials was analyzed usings" test 
and I" test; P > 0.05 during^” test indicates low heteroge¬ 
neity. The primary analysis was completed using a fixed- 
effects model. If there was a significant statistical hetero¬ 
geneity, a secondary confirmatory analysis was performed 
using a random-effects model. Meanwhile, subgroup 
analysis was performed to determine whether the results 
were affected by different interventions. By analyzing the 
difference between combination therapy and CT/RT, we 
tried to understand their different impacts on the prog¬ 
nosis. 


RESULTS 

Search results 

The flow chart of this study is shown in Figure 1. Re¬ 
views, articles about resectable pancreatic cancer, non- 
randomized controlled trials (RCTs), low-quality studies 
and repeated reports were excluded. Finally, both review¬ 


ers agreed to include 15 RCTs involving 1128 patients in 
the meta-analysis. 

All of them were published in peer-reviewed in¬ 
ternational and domestic journals. The cases had been 
followed up for 6-36 mo. All the studies were prospec¬ 
tive, randomized, and controlled trials. One article was 
claimed to be randomized, with a Jadad score of only 2, 
and therefore the quality was low. The remaining 14 stud¬ 
ies scored 3-4, and belonged to high-quality literature, 
among which two articles used the blinding method. The 
meta-analysis results are listed in Table 1. There were no 
duplicates or mis-citations. 

Statistical analysis 

Meta-analysis on radiochemotherapy and CT/RT 
for LAPC: Of these 15 RCTs (» = 1128), 12 (« = 964) 
reported the 6-mo survival; 14 (/; = 1098) reported the 
12-mo survival; 9 (» = 805) reported the 18-mo survival; 
the 6-, 12-, and 18-mo survival was 419, 261, and 119 
cases, respectively, in the CRT group, and 238, 127, and 
43 cases, respectively, in the CTgroup/RT group. Rvalue 
was larger than 0.05 in the meta-analysis on the hetero¬ 
geneity of the 6-mo survival, and a fixed-effects model 
was used to merge the data. Rvalues were lower than 0.05 
in the meta-analysis on the heterogeneity of the 12- and 
18-mo survivals, and a random-effects model was used 
to merge the data. The CRT group had superior survival 
over the CT/RT group, while the 18-mo survival showed 
no such significant difference (OR = 1.78,1.77, and 1.74; 
95%CI: 1.33-2.38, 1.08-2.88, and 0.71-4.27, R = 0.0001, 
0.02, and 0.23) (Table 2, Figure 2A). 

Subgroup analysis on the efficacy of radiochemo¬ 
therapy and CT/RT for LAPC: Seven RCTs (n = 371) 
reported the 6-mo survival of patients after combination 
treatment or CT, 7 (n = 479 ) reported the 12-mo sur¬ 
vival, and 5 (;/ = 354) reported the 18-mo survival. The 
6-, 12-, and 18-mo survivals were reported in 129, 95, 
and 32 cases, respectively, in the CRT group, and 119, 91, 
and 37 cases, respectively, in the CT group. R value was 
larger than 0.05 in the meta-analysis on the heterogene¬ 
ity of 6-mo survival, and a fixed-effects model was used 
to merge the data. R values were lower than 0.05 in the 
meta-analysis on the heterogeneity of the 12- and 18-mo 
survivals, and a random-effects model was used to merge 
the data. The 6-, 12-, and 18-mo survivals were not sig¬ 
nificantly different between the CRT group and the CT 
group (OR = 1.52, 1.49, and 1.07; 95%CI: 0.97-2.36, 
0.77-2.88, and 0.33-3.45, R = 0.07, 0.23, and 0.91) (Figure 
2B). 

Five RCTs in — 476) reported the 6-mo survival after 
combination treatment or RT, 7 (;/ = 610) reported the 
12-mo survival, 4 (» = 451) reported the 18-mo survival. 
The 6-, 12-, and 18-mo survivals were 246, 166, and 87 
cases, respectively, in the CRT group, and 70, 36, and 
37 cases, respectively, in the RT group. Meta-analysis 
on the heterogeneity of the 6-, 12-, and 18-mo surviv¬ 
als showed that the R values were larger than 0.05, and a 
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W: Well differentiated; M: Moderately differentiated; P: Poorly differentiated; SMF: Streptozocin, mitomycin, and 5-fluorouracil (5FU); NR: No report; 
GEM: Gemcitabine; RT: radiotherapy alone; MMC: Mitomycin C. 


fixed-effects model was used to merge the data. The 6-, 
12-, and 18-mo survivals were significandy higher in the 
CRT group than in the RT group (OR = 2.49, 2.42, and 
3.86; 95%CI: 1.62-3.82, 1.57-3.74, 1.66-8.99, all P < 0.01), 
(Figure 2C). 

Subgroup analysis on the efficacy of CRT > 50Gy 

and RT for LAPC: Due to the limited number of pa¬ 
tients and RCTs, this subgroup analysis only covered the 
12-mo survival rate. Five RCTs (» = 409) reported the 
12-mo survival of patients after CRT at a dose larger 
than 50Gy or RT, including 32 cases in the CRT group 
and 98 cases in the RT group. P value was larger than 0.05 
in the meta-analysis on the heterogeneity of the 12-mo 
survival, and a fixed-effects model was used to pool the 
data. The CRT group had superior 12-mo survival over 
the RT group (OR = 2.32; 95%CI: 1.44-3.73, P =0.0005) 
(Figure 2D). 

Subgroup analysis on the efficacy of CRT < 50 Gy 

and RT for LAPC: Due to the limited number of pa¬ 
tients and RCTs, this subgroup analysis was only made 
on the 6- and 12-mo survival rates. Four RCTs (» = 254) 
reported the 6-mo survival and 4 (» = 254) reported the 


12-mo survival. The 6- and 12-mo survival was reported 
in 108 and 68 cases in the CRT group, and 42 and 12 
cases in the RT group, respectively. P value was larger 
than 0.05 in the meta-analysis on the heterogeneity of 6- 
and 12-mo survival, and a fixed-effects model was used 
to pool the data. The CRT group had superior 6- and 
12-mo survival over the RT group (OR = 2.5 and 4.12; 
95%CI: 1.45-4.30 and 2.04-8.35, P = 0.0009 and < 0.0001) 
(Figure 2E). 

Due to the limited number of cases and RCTs includ¬ 
ed, subgroup analysis was not performed on the efficacy 
of different doses of CRT and CT for LAPC. 

Meta-analysis on grade 3-4 treatment-related toxicity: 

In total, 12 RCTs (n = 874) reported grade 3-4 treatment- 
related hematologic toxicides, and 10 (n = 713) reported 
grade 3-4 treatment-related non-hematologic toxicities. 
Meta-analysis on the heterogeneity showed that the P 
value was larger than 0.05, and a fixed-effects model was 
used to merge the data. The CRT group had significantly 
more grade 3-4 treatment-related hematologic and non- 
hematologic toxicities than the CT group or RT group 
(OR = 3.74 and 1.71; 95%CI: 2.56-5.47 and 1.16-2.53, 
both P < 0.01) (Figure 2F). 
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RT: Radiotherapy alone; NR: No report. 


Sensitivity analysis 

By re-analyzing the results, the sensitivity analysis was 
designed to re-combine the available studies to explore 
the effect of a certain factor on the effect, so as to under¬ 
stand the influences of uncertain factors and study design 
on the aggregate results. To avoid the effect of different 
chemotherapy or radiotherapy in the different random¬ 
ized controlled trials on the overall results, subgroup 
analyses were performed to re-analyze the above studies, 
and the results were generally consistent with the meta¬ 
analysis findings. As shown in the sensitivity analysis, our 
current meta-analysis neither increased or decreased the 
efficacy nor exaggerated the efficacy; after the strength 
of the articles was changed, the results did not become 
negative or reversed. Therefore, our results were relatively 
stable and reliable. 


DISCUSSION_ 

Pancreatic adenocarcinoma is among the most challeng¬ 
ing solid malignancies to treat on account of its propensi¬ 
ty for late presentation with inoperable disease, aggressive 
tumor biology and resistance to chemotherapy 1 - 41 . About 
a third of all pancreatic cancers is found to be locally 
advanced at the time of diagnosis, LAPC refers to local 

££ 
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tumors that have invaded the surrounding normal tissues 
and can not be surgically resected while no distant me¬ 
tastasis occurs 1 " 41 . As shown in early clinical practice, con¬ 
ventional radiotherapy for LAPC often can not improve 
the efficacy. The availability of three-dimensional confor¬ 
mal radiotherapy and intensity-modulated radiotherapy 
improves the therapeutic effectiveness, although contro¬ 
versies persist. Using the meta-analysis methodologies, 
we rigorously screened eligible randomized controlled tri¬ 
als for analysis. As shown in our current meta-analysis: (1) 
the CRT group had higher 6- and 12-mo survival rates 
than the RT alone and CT alone group; (2) subgroup 
analysis showed that the CRT group had higher 6-, 12-, 
and 18-mo survival rates than CT alone group; (3) sub¬ 
group analysis showed that the CRT group had higher 6-, 
12-, and 18-mo survival rates than the RT alone group; 
and (4) CRT group had significantly more grade 3-4 treat¬ 
ment-related hematologic and non-hematologic toxicides 
than the CT group or RT group. By analyzing the results 
of 2000 FFCD/SFR0 [f>I , we found that concurrent three- 
dimensional conformal radiotherapy (total dosage: 60 Gy) 
with chemotherapy (DDP + 5FU), followed by GMZ 
chemotherapy achieved a median survival of 8.6 mo and 
a 1 -year survival rate of 32%; the GMZ CT group had a 
survival of 13 mo and 1-year survival rate of 53%, sug- 
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A Review: Radiotherapy plus chemotherapy in patients with locally advanced pancreatic cancer 
Comparison: 01 CRT vs RT or CT 

Outcome: 01 survival: at the end of the follow-up time (6 mo) 


Study 

or sub-category 

CRT 

n//V 

RT or CT 
n/N 

OR (fixed) 

95%CI 


Weight 

% 

OR (fixed) 
95%CI 

Childs et a/ 201 

6/13 

4/12 


-B- 


3.31 

1.71 [0.34, 8.68] 

Roertel et a/ 111 

20/32 

16/32 


-B- 


8.30 

1.89 [0.70, 6.12] 

GITSG era/ 121 

44/61 

10/28 




5.64 

4.66 [1.79, 12.10] 

Klaassen et a/ 101 

137/169 

13/26 


-B- 


6.33 

3.95 [1.65, 9.47] 

Moertel era/ 111 

26/44 

28/47 

-B 



17.26 

0.89 [0.39, 2.06] 

GITSG era/ 211 

19/22 

17/21 




3.50 

1.49 [0.29, 7.63] 

Cohen et a/ 131 

36/55 

28/49 


—B- 


16.10 

1.42 [0.64, 3.14] 

Sun eCa/ 161 

21/26 

18/30 


-B- 


4.75 

2.80 [0.83, 9.47] 

Chauffert eC a/ 61 

47/59 

49/60 

-& 



14.59 

0.88 [0.35, 2.19] 

Ding et a/ 191 

18/26 

16/29 




5.74 

2.40 [0.77, 7.48] 

Sun era/ 151 

18/26 

16/29 




5.74 

2.40 [0.77, 7.48] 

Loehrer et aP l 

28/37 

26/34 




9.73 

0.96 [0.32, 2.85] 

Total (95%CI) 

568 

396 


O 


100.00 

1.78 [1.33, 2.38] 

Total events: 419 (CRT), 

238 (RT or CT) 







Test for heterogeneity: j 

= 14.71, df =11 (P = 

0.20),/ = 25.2% 






Test for overall effect: Z 

= 3.87 (P = 0.0001) 
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Review: Radiotherapy plus chemotherapy in patients with locally advanced pancreatic cancer 

Comparison: 01 CRT vs RT or CT 

Outcome: 02 survival: at the end of the follow-up time (12 mo) 

Study CRT RT or CT OR (fixed) 

or sub-category n/N n/N 95%CI 

Weight 

% 

OR (fixed) 
95%CI 

Childs et a/ 201 

2/13 

1/12 


-B- 

> 2.84 

2.00 [0.116, 26.40] 

Moertel era/ 111 

6/32 

3/32 


-B- 

5.74 

2.23 [0.51, 9.83] 

GITSG era/ 121 

22/61 

2/28 



b—>- 5.55 

7.33 [1.69, 33.87] 

Moertel et a/ 131 

101/169 

6/26 



—*• 8.24 

4.70 [1.79, 12.38] 

Klaassen et a/ 101 

14/44 

12/47 



8.55 

1.36 [0.55, 3.39] 

GITSG etaP n 

9/22 

4/21 



* 6.17 

2.94 [0.74, 11.71] 

Cohen et a/ 131 

17/55 

10/49 



8.62 

1.74 [0.71, 4.29] 

Wu etaP 71 

7/33 

9/31 



7.33 

0.66 [0.21, 2.06] 

Sun era/ 161 

16/26 

11/30 



7.61 

2.76 [0.93, 8.17] 

Chauffert eCa/ 61 

20/59 

33/60 



9.61 

0.42 [0.20, 0.88] 

Ding eCa/ 191 

12/26 

7/29 



7.24 

2.90 [0.91, 9.23] 

Sun era/ 151 

12/26 

7/29 



7.24 

2.90 [0.91, 9.23] 

Loehrer et a/ 91 

12/37 

17/34 



8.27 

0.48 [0.18, 1.26] 

Wu eCa/ 181 

11/36 

5/34 



7.10 

2.55 [0.78, 2.88] 

Total (95%CI) 

637 

461 


' 

100.00 

1.77 [1.08, 2.88] 

Total events: 261 (CRT), 

127 (RT or CT) 






Test for heterogeneity: % 

= 34.14, df = 13 (P = 

0.001), / = 61.9% 






= 2.28 {P = 0.02) 
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Review: Radiotherapy plus chemotherapy in patients with locally advanced pancreatic cancer 



Comparison: 01 CRT vs RT or CT 






Outcome: 03 survival: at the end of the follow-up time (18 mo) 





Study 

CRT 

RT or CT 

OR (fixed) 

Weight 

OR (fixed) 

or sub-category 

n/N 

n/N 

95%CI 

% 

95%CI 


Moertel etaP n 

1/32 

0/32 



5.57 

3.10 [0.12, 78.87] 

GITSG etaP 2i 

7/61 

9/28 



* 6.51 

7.84 [0.43, 142.32] 

Moertel et a/ 191 

74/169 

4/25 


-B- 

^ 16.42 

4.09 [1.35, 12.43] 


2/16 

1/16 



7.81 

2.16 [0.17, 26.67] 

Klaassen et a/ 101 

11/44 

5/47 


-B- 

15.16 

2.80 [0.89, 8.85] 

GITSG etai m 

4/22 

0/21 



► 6.24 

10.46 [0.53, 207.40] 

Cohen et a/ 13! 

5/55 

2/49 



-» 11.79 

2.35 [0.43, 12.70] 

Chauffert e7a/ 61 

11/59 

21/60 

-B- 


17.14 

0.43 [0.18, 0.99] 

Loehrer ef a/ 91 

4/37 

10/34 



14.36 

0.29 [0.08, 1.04] 

Total (95%CI) 

494 

311 



100.00 

1.74 [0.71, 4.27] 

Total events: 119 (CRT), 

43 (RT or CT) 






Test for heterogeneity: j 

= 22.26, df = 8 {P = 

0.004),/ = 64.1% 





Test for overall effect: Z 

= 1.21 (P = 0.23) 
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Review: Radiotherapy plus chemotherapy in patients with locally advanced pancreatic cancer 

Comparison: 01 CRT vs RT or CT 

Outcome: 04 survival: at the end of the follow-up time (6 mo) CRT vs CT 

Study CRT RT or CT OR (fixed) 

or sub-category n/N n/N 95%CI 

Weight 

% 

OR (fixed) 

95%CI 

Klaassen et a/ 101 

25/44 

28/47 



36.94 

0.89 [0.39,2.06] 

GITSG etaP n 

19/22 

17/21 



7.50 

1.49 [0.29, 7.63] 

Sun efa/ 151 

21/26 

18/30 


-B- 

10.16 

2.80 [0.83, 9.47] 

Chauffert et a / 6I 

0/1 

0/1 



0.00 

3.95 [1.65, 9.47] 

Ding et a/ 191 

18/26 

16/29 


-B- 

12.29 

2.40 [0.77, 7.48] 

Sun ef a/ 151 

18/26 

16/29 


-B- 

12.29 

2.40 [0.77, 7.48] 

Loehrer et a/ 51 

28/3/ 

26/34 



20.83 

0.96 [0.32, 2.85] 

Total (95%CI) 

180 

191 



100.00 

1.52 [0.97, 2.36] 

Total events: 129 (CRT), 

119 (CT) 






Test for heterogeneity: % 

= 4.46, df = 5 {P 

= 0.49), / = 0%) 





Test for overall effect: Z 

= 1.83 (P = 0.07) 
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Review: Radiotherapy plus chemotherapy in 

patients with locally advanced pancreatic cancer 



Comparison: 01 CRT vs RT or CT 






Outcome: 05 survival: at the end of the follow-up time (12 mo) CRT vs CT 





Study 

CRT 

RT or CT 

OR (fixed) 

Weight 

OR (fixed) 

or sub-category 

n/N 

n/N 

95%CI 

% 

95%CI 


Klaassen et a 

14/44 

12/47 



15.76 

1.36 [0.55, 3.39] 

GITSG etaP n 

9/22 

4/22 



11.31 

2.94 [0.74, 11.71] 

Sunefa/ 161 

16/26 

11/30 


-B - 

14.00 

2.76 [0.93, 8.17] 

Chauffert etaP ] 

20/59 

33/60 

- B - 


17.56 

0.42 [0.20, 0.88] 

Ding et a/ 191 

12/25 

7/29 


- B - 

13.30 

2.90 [0.91, 9.23] 

Sunefa/ 151 

12/25 

7/29 


- B - 

13.30 

2.90 [0.91, 9.23] 

Loehrer etaP ] 

12/28 

17/34 



14.78 

0.75 [0.27, 2.05] 

Total (95%CI) 

229 

250 



100.00 

1.49 [0.77, 2.88] 

Total events: 95 (CRT) 

91 (CT) 






Test for heterogeneity: 

/ = 16.96, df = 6 {P = 

0.009), / = 64.6% 





Test for overall effect: Z = 1.20 (P = 0.23) 

L 

i_i 

1_l_L 
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Review: Radiotherapy plus chemotherapy in patients with locally advanced pancreatic cancer 
Comparison: 01 CRT vs RT or CT 

Outcome: 06 survival: at the end of the follow-up time (18 mo) CRT vs CT 

Study CRT RT or CT OR (fixed) Weight OR (fixed) 

or sub-category n/N n/N 95%CI % 95%CI 


Flazel etaP 2] 

2/15 

1/15 

Klaassen et a/ 101 

11/44 

5/47 

GITSG etaP" 

4/22 

0/21 

Chauffert etaP ] 

11/59 

21/60 

Loehrer etaP ] 

4/37 

10/34 

Total (95%CI) 

177 

177 

Total events: 32 (CRT), 37 

(CT) 


Test for heterogeneity: ■/ ' 

= 12.65, df = 4 {P = 

0.01), / = 68.4% 

Test for overall effect: Z = 

0.12 {P = 0.91) 




n , 13.0? 7.15 [0.17. 26.67] 


□ 74 89 2 89 [0 8Q 8 89] 




28.03 0.43 [0.18, 0.99] 

23.62 0.29 [0.08, 1.04] 




100.00 1.07 [0.33, 3.45] 
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Favours CRT Favours CT 


C Review: Radiotherapy plus chemotherapy in patients with locally advanced pancreatic cancer 
Comparison: 01 CRT vs RT or CT 

Outcome: 07 survival: at the end of the follow-up time (6 mo) CRT vs RT 


Study 

or sub-category 

CRT 

n/N 

RT or CT 
n/N 

OR (fixed) 
95%CI 


Weight 

% 

OR (fixed) 

95%CI 

Moertel efa/ 111 

6/13 

4/12 




8.68 

1.71 [0.34, 8.68] 

Childs etaP° ] 

20/32 

16/32 




21.80 

1.89 [0.70, 6.12] 

GITSG etaP 2 ' 

44/61 

10/28 



-B-► 

14.81 

4.66 [1.79, 12.10] 

Moertel et aP 

140/169 

13/25 



-B-► 

15.06 

0.89 [0.39, 2.06] 

Cohen et a/ 131 

36/5 

28/49 


-H - 


39.65 

1.42 [0.64, 3.14] 

Total (95%CI) 

330 

136 




100.00 

2.49 [1.62,3.82] 

Total events: 246 (CRT), 

70 (RT) 







Test for heterogeneity: j 

= 5.76, df = 4 {P = 

0.22), f = 30.5% 






Test for overall effect: Z 

= 4.15 ( P < 0.0001) 
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Review: Radiotherapy plus chemotherapy in patients with locally advanced pancreatic cancer 
Comparison: 01 CRT vs RT or CT 

Outcome: 08 survival: at the end of the follow-up time (12 mo) CRT vs RT 


Study 

or sub-category 

CRT 

n/N 

RT or CT 
n/N 

OR (fixed) 

95%CI 


2/13 

1/12 



Childs efa/ 201 

6/32 

3/32 


-B- 

GITSG et a/ 121 

22/61 

2/28 



Moertel et a/ 1 ’ 1 

101/169 

6/26 


- B -► 

Cohen et a/ 131 

17/55 

10/49 


-B- 

Wu et a f l7] 

7/33 

9/31 

- B — 


Wu et a / 1BI 

11/36 

5/34 


-H- 

Total (95%CI) 

399 

211 


■ - 

Total events: 166 (CRT), 

36 (RT) 




Test for heterogeneity: % 

= 9.39, df = 6 {P = 

0.15),/ 2 = 36.1% 



Test for overall effect: Z 

= 3.98 (P < 0.0001) 
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Review: Radiotherapy plus chemotherapy in patients with locally advanced pancreatic cancer 
Comparison: 01 CRT vs RT or CT 

Outcome: 09 survival: at the end of the follow-up time (18 mo) CRT vs RT 

Study CRT RT or CT OR (fixed) 

or sub-category n/N n/N 95%CI 


Childs etaR 101 

1/32 

0/32 


GITSG et a/ 121 

7/61 

0/28 


Moertel et a/ 131 

74/169 

4/25 

-B-* 

Cohen et a/ 131 

5/55 

2/49 - 

-B-> 

Total (95%CI) 

317 

134 

-■ 

Total events: 87 (CRT) 

6 (RT) 



Test for heterogeneity: 

/ = 0.59, df = 3 {P = 

0.90), / 2 = 0% 


Test for overall effect: Z = 3.13 (P = 0.002) 
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D Review: Radiotherapy plus chemotherapy in patients with locally advanced pancreatic cancer 
Comparison: 01 CRT vs RT or CT 

Outcome: 14 survival: at the end of the follow-up time (12 mo) RT dose > 500Gy CRT vs RT 


Study 

or sub-category 

dose > 500Gy CRT 
n/N 

CT/RT 

n/N 


OR (fixed) 

95%CI 

GITSG et a 

11/32 

2/28 




Moertel et a Z 1 ” 1 

52/86 

6/25 



-B-► 

Cohen et a/ 131 

17/55 

10/49 



-B- 

Wu etaf 2Ti 

7/33 

9/31 


-B— 


Wu e7a/ 181 

11/36 

5/34 



-B- 

Total (95%CI) 

242 

167 



o 

Total events: 98 (dose > 50 Gy CRT), 32 (RT) 





Test for heterogeneity: £ 

= 8.84, df = 4 {P = 0.07), I 2 

= 54.8% 




Test for overall effect: Z = 

3.48 (P = 0.0005) 


-l -1- 

-1- 

-1-1-L 
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E Review: Radiotherapy plus chemotherapy in patients with locally advanced pancreatic cancer 
Comparison: 01 CRT vs RT or CT 

Outcome: 16 survival: at the end of the follow-up time (6 mo) RT dose < 500Gy CRT vs RT 


Study 

or sub-category 

dose > 500Gy CRT 
n/N 

CT/RT 

n/N 

OR (fixed) 

95%CI 

Moertel eta / n| 

6/13 

4/12 



Childs efa/ 201 

20/32 

15/32 


-B- 

GITSG etaP n 

19/29 

10/28 


-B-► 

Moertel et a/ 181 

63/83 

13/25 


-B- 

Total (95%CI) 

157 

97 


' 

Total events: 108 (dose < 50 Gy CRT), 42 (RT) 




Test for heterogeneity: £" 

= 0.93, df = 3 {P = 0.82), 1 2 

= 0% 



Test for overall effect: Z = 

3.31 (P = 0.0009) 


0.1 0.2 0.5 

12 5 10 


Favours CRT Favours RT 


Weight OR (fixed) 

% 95%CI 


3.20 

2.00 

[0.116, 26.40] 

8.87 

2.23 

[0.51, 9.83] 

6.38 

7.33 

[1.69, 33.87] 

15.31 

4.70 

[1.79, 12.38] 

26.60 

1.74 

[0.71, 4.29] 

26.62 

0.66 

[0.21, 2.06] 

13.00 

2.55 

[0.78, 2.88] 

100.00 

2.42[0.78, 8.34] 


Weight 

OR (fixed) 

% 

95%CI 


6.90 

3.10 

[0.12, 

78.87] 

8.66 

7.84 

[0.43, 

142.32] 

56.64 

4.09 

[1.35, 

12.43] 

27.80 

2.35 

[0.43, 

12.70] 

100.00 

3.86 

[0.43, 

12.70] 


Weight OR (fixed) 

% 95%CI 


6.02 

6.81 

[1.36, 

34.16] 

15.80 

4.84 

[1.76, 

13.36] 

31.41 

1.74 

[0.71, 

4.29] 

31.43 

0.66 

[0.21, 

2.06] 

15.35 

2.55 

[0.78, 

2.88] 

100.00 

2.32 

[1.44, 

3.73] 


Weight 

% 

OR (fixed) 
95%CI 

13.84% 

1.71 

[0.34, 8.68] 

34.75% 

1.89 

[0.70, 6.12] 

21.67% 

3.42 

[1.15, 10.15] 

29.74% 

2.91 

[1.14, 7.38] 

100.00% 

2.50 

[1.45, 4.30] 
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Review: Radiotherapy plus chemotherapy in patients with locally advanced pancreatic cancer 
Comparison: 01 CRT vs RT or CT 


Outcome: 17 survival: at the end of the follow-up time (12 mo) RT dose < 500Gy CRT vs RT 
Study dose > 500Gy CRT CT/RT OR (fixed) 

or sub-category n/N n/N 95%CI 


Moertel eta / 111 

2/13 

1/12 


Childs et #/ 20] 

6/32 

3/37 


GITSG eta / 211 

11/29 

2/28 

-B* 

Moertel efa /” 1 

49/83 

6/25 

-B- 

Total (95%CI) 

157 

97 

o 


Total events: 68 (dose < 50 Gy CRT), 12 (RT) 

Test for heterogeneity: x~ = 1-64, df = 3 (P = 0.65), f = 0% 

Test for overall effect: Z = 3.94 {P < 0.0001) j _i_i__i_i_i 

0.1 0.2 0.5 1 2 5 10 

Favours CRT Favours RT 


Weight OR (fixed) 

% 95%CI 


10.53 

2.00 

[0.116 

, 26.40] 

29.16 

2.23 

[0.51, 

9.83] 

15.11 

7.94 

[1.57, 

40.23] 

45.20 

4.56 

[1.65, 

12.62] 

100.00 

4.12 

[2.04, 

8.35] 


F Review: Radiotherapy plus chemotherapy in patients with locally advanced pancreatic cancer 
Comparison: 01 CRT vs RT or CT 

Outcome: 10 3-4 grade treatment related hematologica toxicity 


Study 

or sub-category 

CRT 

n/N 

RT or CT 
n/N 

OR (fixed) 

95%CI 


Moertel eta / 111 

8/13 

2/12 




Childs efa / 201 

24/32 

12/32 




Moertel efa /” 1 

92/169 

4/26 




Klaassen et a / 101 

8/44 

1/47 




GITSG eta / 211 

14/22 

3/21 



> 

Cohen et a / 131 

13/55 

5/49 


-B- 


Sun eta / 151 

5/25 

5/29 


-B- 


Chauffert eta / 61 

47/59 

49/60 


-B- 


Ding efa / 191 

5/26 

5/29 


-B- 


Sun e7a / 151 

5/26 

5/29 


-B- 


Wu eta / 181 

2/26 

0/34 




Total (95%CI) 

506 

368 


C> 


Total events: 203 (CRT), 

52 (RT or CT) 





Test for heterogeneity: 7 

; = 11.32, df = 10 (P — 

0.30), I 2 = 15.4% 




Test for overall effect: Z 

= 6.80 (P < 0.00001) 






Weight OR (fixed) 

% 95%CI 


2.78 

8.00 

[ 1 . 21 , 

52.69] 

10.23 

5.00 

[1.71, 

14.63] 

10.83 

6.27 

[2.06, 

19.06] 

2.70 

10.22 

[ 1 . 22 , 

85.51] 

3.81 

10.50 

[2.34, 

47.03] 

13.77 

1.17 

[ 0 . 22 , 

6.39] 

8.40 

3.87 

[1.72, 

8.72] 

20.63 

0.88 

[0.35, 

2.19] 

12.63 

1.20 

[0.30, 

4.74] 

12.63 

1.20 

[0.30, 

4.74] 

1.63 

5.00 

[0.23, 

108.03] 

100.00 

3.74 

[ 2 . 66 , 

5.47] 


0.1 0.2 0.5 1 2 5 10 

Favours CRT Favours RT or CT 


Review: Radiotherapy plus chemotherapy in patients with locally advanced pancreatic cancer 
Comparison: 01 CRT vs RT or CT 

Outcome: 11 3-4 grade treatment related non-hematologica toxicity 


Study 

or sub-category 

CRT 

n/N 

RT or CT 
n/N 


OR (fixed) 

95%CI 

Moertel eta/ 111 

9/13 

5/12 




Childs efa/ 201 

24/32 

13/32 




Moertel et a/ 111 

40/169 

0/26 




GITSG efa/ 211 

3/22 

3/21 




Cohen et a/ 13! 

17/55 

13/49 



-B- 

Sun eta/ 161 

6/26 

10/30 


-B- 


Chauffert eta/ 61 

12/59 

11/60 



a- 

Ding eta/ 191 

5/25 

4/29 




Sun eta/ u] 

5/25 

4/29 




Total (95%CI) 

426 

287 



0 

Total events: 121 (CRT), 

63 (RT or CT) 





Test for heterogeneity: j 

= 10.73, df = 8 (P = 

0.22), I 2 = 25.4% 




Test for overall effect: Z 

= 2.71 {P = 0.007) 
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Favours CRT 

Favours RT or CT 


Weight OR (fixed) 

% 95%CI 


4.06 

3.15 

[0.61, 

12.31] 

8.24 

4.38 

[1.51, 

12.74] 

1.68 

16.95 

[0.95, 

267.86] 

6.73 

0.95 

[0.17, 

5.32] 

24.10 

1.24 

[0.53, 

2.91] 

18.12 

0.60 

[0.18, 

1.97] 

22.04 

1.14 

[0.46, 

2.83] 

7.52 

1.56 

[0.37, 

6.60] 

7.52 

1.56 

[0.37, 

6.60] 

100.00 

1.71 

[1.16, 

2.53] 


Figure 2 Meta-analysis. A: On chemotherapy plus radiotherapy (CRT) vs chemotherapy alone (CT)/radiotherapy alone (RT) for locally advanced pancreatic carci¬ 
noma (LAPC) in the 6-, 12-, and 18-mo survivals; B: On CRT vs CT for LAPC in the 6-, 12-, and 18-mo survivals; C: On CRT vs RT for LAPC in the 6-, 12-, and 18-mo 
survivals; D: On CRT > 50 Gy vs RT for LAPC in the 12-mo survivals; E: On CRT < 50 Gy vs RT for LAPC in the 6- and 12-mo survivals; F: On CRT vs CT/RT for 
LAPC in grade 3-4 treatment-related toxicities. 


gesting that the combination therapy did not change the 
efficacy. Meanwhile, the 60 Gy dosage induced more 
complications and therefore increased the mortality and 


decreased the survival. The CRT protocol applied in this 
trial used high radiotherapy and chemotherapy dosages; 
furthermore, the radiation fields included not only the 
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cancer foci but also the peripancreatic, hilar and celiac 
trunk lymph nodes that had high metastatic potential (but 
not confirmed), which not only remarkably increased the 
radiotherapy-related toxic reactions but also shortened 
the survival. Similarly, radiochemotherapy was applied 
in the ECOG4201 trial, although the radiotherapy dose 
was lowered to 50.4 Gy. Compared with CT, concurrent 
radio-chemotherapy prolonged the survival (11 mo vs 
9.2 mo) and yielded a higher 1-year survival rate (50% vs 
32%) [-Dl . During concurrent radiochemotherapy, the se¬ 
quencing of radiotherapy and chemotherapy can also af¬ 
fect tire clinical efficacy. In the GERCOR study, 181 pa¬ 
tients received 4 cycles of chemotherapy initially, among 
whom 53 experienced disease progression; the remaining 
128 patients without disease progression were divided 
into a concurrent CRT group (n = 72) and a CT group 
{n — 56). The results showed that the PFS and OS were 
improved in the concurrent CRT group (10.8 mo and 15 
mo, respectively), and these were significantly longer than 
those in the CT group (7.4 mo and 11.7 mo, respectively) 
(P = 0.005, P = 0.0009, respectively), indicating that ra¬ 
diotherapy combined with chemotherapy can remarkably 
improve the survival 1-61 . 

In summary, as shown in this study, tire combination 
of chemotherapy and radiotherapy can prolong the long¬ 
term survival although it may also increase the treatment- 
related toxicity. More reasonably designed randomized 
controlled trials should be conducted to further elucidate 
the optimal radiotherapy dosage, the use of gemcitabine 
or 5-FU, and more specific chemotherapy protocols. Che¬ 
motherapy may be started for several cycles; if no disease 
progression occurs, concurrent radiochemotherapy may 
be used. By doing so, we may rule out patients with rapid 
disease progression to avoid the “double whammy” from 
chemotherapy. Along with the improvement of radio¬ 
therapy technology, the optimization of the sequencing 
of radiochemotherapy, and the definition of target popu¬ 
lation, the efficacy of radiochemotherapy for pancreatic 
cancer will be further improved, and multidisciplinary 
and individualized radiochemotherapy for LAPC will play 
a more important role. 


COMMENTS 


Background 

Pancreatic cancer is the fourth leading cause of cancer-related death in the 
United States. Over the past decades, the standard treatment for patients with 
locally advanced pancreatic carcinoma (LAPC) was chemotherapy alone or 
chemo-radiation therapy. However, the efficacy of the combined radiotherapy 
and chemotherapy is currently unclear. 

Research frontiers 

Over the past decades, many studies have been performed to understand the 
role of chemotherapy or radiation therapy alone and chemo-radiation therapy in 
LAPC. Some trials showed no improvement in local progression or progression- 
free or overall survival with the addition of radiation therapy to chemotherapy 
in patients with LAPC; however, some trials demonstrated improved overall 
survival, with acceptable toxicity. Moreover, several systematic reviews were 
recently published to investigate the role of chemo-radiation therapy in LAPC. 
However, these reviews were methodologically insufficient and thus could not 
achieve a comprehensive conclusion. 


Innovations and breakthroughs 

Based on this meta-analysis, chemo-radiation therapy was superior in the 6- 
and 12-mo survivals to the radiation therapy group or chemotherapy group 
alone. Similar results were indicated in the subgroup analyses. The radiation 
therapy group had significantly more grade 3-4 treatment-related hematologic 
and non-hematologic toxicities than the radiation therapy group or chemo¬ 
therapy group alone. These findings were not presented clearly in previous 
systematic reviews. 

Applications 

The combination of chemotherapy and radiotherapy can prolong the long-term 
survival of the patients with LAPC although it may also increase the treatment- 
related toxicity. Chemotherapy may be started for several cycles; if no disease 
progression occurs, concurrent radiochemotherapy may be used. 

Terminology 

Locally advanced pancreatic malignant tumors were judged as nonresectable 
due to extension to regional lymph nodes and/or vascular structures such as 
the superior mesenteric artery or the celiac trunk or the existence of a portal 
or superior mesenteric-portal venous confluent thrombosis. Over the past 
decades, the standard treatment for patients with inoperable locally advanced 
pancreatic cancer was chemotherapy alone or chemo-radiation therapy. 

Peer review 

This is a well written manuscript analyzing therapeutic management of pan¬ 
creatic cancer. In this manuscript, the authors compared the long-term clinical 
efficacy of chemotherapy plus radiotherapy with that of radiotherapy alone or 
chemotherapy alone for locally advanced pancreatic carcinoma. The data were 
well collected, and analyzed. 
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Abstract 

A 36-year-old male Asian immigrant with a history of 
hepatitis B and hepatitis C related unresectable hepa¬ 
tocellular carcinoma in the left lobe of the liver pre¬ 
sented with hematemesis and severe anemia. He was 
diagnosed with a liver mass that was resected 8 years 
ago described as a benign tumor in his home coun¬ 
try. He had received trans-arterial chemoembolization 
(TACE) four months ago after subsequent diagnosis 
of unresectable hepatoma, and currently was receiv¬ 
ing chemotherapy with Sorafenib. After resuscitation, 
a contrast enhanced computerized tomography was 
performed which showed fistulization of hepatocellu¬ 
lar carcinoma into adjacent stomach. This finding was 
confirmed during endoscopy with direct visualization of 
the fistulous opening. Hepatocellular carcinoma (HCC) 
invading the gastrointestinal (GI) tract is rare. We 
present a case and literature review of HCC with lo¬ 
cal invasion of the stomach causing massive upper GI 
bleeding after receiving TACE. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved. 


Keywords: Hepatocellular carcinoma; Hepatogastric 
fistula; Fistula; Upper gastrointestinal bleeding 


Core tip: Gastrointestinal bleeding is a common com¬ 
plication of hepatocellular carcinoma (HCC). However, 
HCC leading to Hepatogastric fistula presenting as 
massive upper gastrointestinal bleeding is uncommon. 
Here we report a case of HCC with direct invasion 
of the stomach leading to massive gastrointestinal 
bleeding. Patient was managed with selective arterial 
angiogram and coil embolization to control bleeding. 
HCC with local metastasis to adjacent structures such 
gastrointestinal tract carries poor prognosis. With in¬ 
creasing incidence of HCC and recent improvements in 
the treatment of advanced HCC, this condition may be¬ 
come more common and awareness among clinicians 
should help consider this condition in the differential 
diagnosis and prompt management. 


Sayana H, Yousef O, Clarkston WK. Massive upper gastrointestinal 
hemorrhage due to invasive hepatocellular carcinoma and hepato¬ 
gastric fistula. World J Gastroenterol 2013; 19(42): 7472-7475 
Available from: URL: http://www.wjgnet.com/1007-9327/full/vl9/ 
i42/7472.htm DOI: http://dx.doi.org/10.3748/wjg.vl9.i42.7472 


INTRODUCTION 

Hepatocellular carcinoma (HCC) is an aggressive pri¬ 
mary malignancy of the liver with 5-year survival rates 
as low as 5% [11 . It is the third leading causes of cancer 
deaths across the world and ninth leading cause of can¬ 
cer deaths in United States 1 ” 1 . While the incidence of 
other common cancers is decreasing in the United States, 
HCC is on the rise with an average annual percentage 
change of incidence rate of 3.5% pl . The majority of 
cases of HCC are caused by chronic liver disease from 
hepatitis B and C (78%) w . Extra-hepatic metastasis is 
found at the time of diagnosis in up to 15% of patients 
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with HCC 1 ’ 1 . Lung is the most common site of metasta¬ 
sis followed by intra-abdominal lymph nodes, and bone 
and adrenal glands 1 ’ 1 . Median survival of patients with 
extra-hepatic manifestations is less than 6 mo |41 , Metas¬ 
tasis to the gastrointestinal (GI) tract is rare with rates 
of 0.4%-2% of cases 1 ’ 1 and in up to 12% of cases in au¬ 
topsy series 14 ' 1 . Here we report a case of HCC with direct 
invasion of the stomach leading to massive GI bleeding. 


CASE REPORT 

A 36-year-old Asian male with hepatitis B and hepatitis 
C associated HCC presented with chronic melena and 
massive acute upper GI bleeding with large volume 
hematemesis. He had undergone trans-arterial chemo- 
embolization (TACE) four months ago for a large, dif¬ 
fuse, unresectable, biopsy proven HCC in the left lobe 
of the liver. Due to side effects from the procedure, 
patient declined to undergo further TACE. He had been 
on Sorafenib for the preceding two and one-half months 
prior to this presentation. Apparently, the patient had a 
liver mass that was resected in his home country eight 
years ago, described verbally to him as “a benign” tumor. 
Vital signs on presentation included BP 131/75 mmHg, 
pulse 123, RR 32, temperature 96.0 F, and oxygen satu¬ 
ration was 88% on 4 L via nasal cannula. On physical 
exam, he was tachycardic, chest was clear to auscultation; 
mucus membranes were pale, abdominal exam showed 
tender hepatomegaly (10 cm below right coastal margin 
in the mid-clavicular line) and mid-epigastric tenderness. 
Alpha fetoprotein level was 8.3 ng/mL. Laboratory data 
revealed hemoglobin of 2.5 g/dL (hematocrit, 10%; 
mean corpuscular volume 94), leukocytosis (with white 
blood cell count 16.7), and platelet count of 539. Coagu¬ 
lation profile showed a mildly prolonged INR of 1.6 and 
activated partial thromboplastin time of 21. Hemoglobin 
from prior hospitalization 4 mo ago was 13.3 g/dL. The 
patient was transfused with packed red cells (7 units) 
and intravenous fluids were administered. Tumor marker 
studies including a-fetoprotein (7.6 ng/mL), CEA (3.3 
ng/mL), and CA 19.9 (< 0.1 U/mL), all of which were 
normal. Hepatitis B quantitative polymerase chain reac¬ 
tion was 41048 U/mL, hepatitis Be antigen was negative 
and hepatitis Be antibody was positive. Hepatitis C quan¬ 
titative PCR was 65 IU/mL. 

Abdominal computed tomography with intravenous 
and oral contrast noted a large left hepatic lobe mass 
which was increased in size (19 cm X 13 cm) compared 
to prior mass (16 cm X 10 cm) noted two months earlier. 
An EGD was performed and revealed a 1.4 cm fistula 
in the posterior wall of the distal gastric body with 
stigmata of recent bleeding via the fistula (Figure 1). A 
large amount of air was seen centrally within the mass, 
which appeared to communicate with the gastric lumen 
through a 7 mm defect along the lesser curvature near 
the gastric fundus (Figure 2). Subsequently, a visceral 
(celiac, superior mesenteric artery, and left gastric 
artery) arteriogram demonstrated no evidence of active 



Figure 1 Esophagogastroduodenoscopy image showing the fistulous open¬ 
ing of the hepatocellular carcinoma on the lesser curvature of the stomach. 

bleeding. However, selective left gastric artery angiogram 
showed hypervascular blush within the tumor and it was 
selectively embolized to achieve decreased flow, utilizing 
a total of three, 6 mm X 10 cm long Azur detachable 
coils. His hemoglobin stabilized and he was discharged 
with plans to start second line palliative chemotherapy. 
He subsequently presented a month later with recurrent 
GI bleeding for which he had to undergo further 
selective embolization of celiac artery branches, which 
showed signs of neovascularization. The patient opted 
for hospice care 10 mo after diagnosis of HCC and 
6 mo after treatment of acute GI bleed from hepato¬ 
gastric fistula. 


DISCUSSION 

GI bleeding is a common complication in patients with 
HCC. Common etiologies include peptic ulcer disease, 
variceal bleeding due to portal hypertension from un¬ 
derlying cirrhosis and/or tumor invasion of portal vein 
causing thrombosis, and portal hypertensive gastropathy. 
Yeo et aF 1 prospectively looked at 55 HCC patients who 
presented with GI bleeding over a period of 11 mo and 
found that majority had a non-variceal source of bleed¬ 
ing (53%) and the remainder variceal bleeding. Among 
patients with a non-variceal source, three patients (0.05%) 
bled secondary to direct invasion of tumor to gut. GI 
bleeding secondary to direct invasion by HCC is rare 
(0.05%-2%) 15,7 " 91 . Metastatic spread can be due to hema¬ 
togenous, lymphatic or by direct invasion of the tumor 
into adjacent organs. The most common site of direct 
tumor invasion of the GI tract is stomach followed by 
duodenum and colon. Predisposing factors for GI tract 
invasion include large liver lesions (> 5 cm in size), sub- 
capsular location and exophytic growth pattern. Sus¬ 
pected predisposing features include prior TACE and/or 
radiation therapy which can lead to ischemia and inflam¬ 
matory reactions in the tumor and adjoining bowel wall. 
These changes can potentially lead to adhesion and local 
tumor invasion with subsequent fistulization 1 ' 0,111 . We hy¬ 
pothesize a similar process in our case. Park et aF'' found 
GI tract involvement at the time of diagnosis of HCC 
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Figure 2 Computerized tomography images of the abdomen. A: Showing large mass in the left lobe of the liver and oral contrast traced into liver (arrow) through 
fistulous opening in stomach; B: Showing large mass in the left lobe of the liver and fistulous communication between the liver mass and the stomach; C: Showing 
large mass in the left lobe of the liver and fistulous communication between the liver mass and the stomach. A: Anterior R: Right; L: Left; P: Posterior. 


in 7/12 patients without any prior treatment. In our 
patient, we suspect an exophytic tumor growth pattern 
causing direct GI tract invasion and pressure necrosis 
on adjacent organs. This process was likely worsened by 
TACE/radiation related inflammatory reactions con¬ 
tributing to erosion and fistulization, with subsequent 
bleeding into the GI tract. Sources of gastrointestinal 
bleeding noted in the literature have included rupture of 
hepatoma into the GI tract, bleeding from the intrahe- 
patic portion of the tumor, or bleeding from an involved 
vessel in the wall of the GI tract. In our case, we endo- 
scopically documented oozing from the hypervascular 
edges of the gastro-hepatic fistula within the stomach. 

The prognosis of patients with HCC and GI in¬ 
volvement is poor because of massive bleeding and/or 
hepatic failure. In one series, the median survival was 
4 wk I?1 and in a second study none survived beyond 9 
mo 1 2 * 1 , Our patient survived 6 mo. Non-surgical tech¬ 
niques to achieve hemostasis include trans-arterial em¬ 
bolization, endoscopic injection of ethanol or adrenalin, 
and radiotherapy ablation. Korkolis et reported a 
case of HCC invading the stomach and upper surface of 
the pancreas who underwent en bloc resection of left lobe 
of liver with liver mass (15 cm x 12 cm x 9.5 cm), total 
gastrectomy, distal pancreatectomy, splenectomy, cho¬ 
lecystectomy, radical excision of adjacent lymph node 
and survival of 16 mo with no local recurrence. Curative 
surgery is a potential option especially in good surgical 
candidates with reasonable functional reserve. Surgical 
intervention has showed prolonged survival with median 
survival rates of 9.7 mo as opposed to 3.0 mo in non- 
surgical therapy as reported in other case series 1 * 3 4 5 6 7 8 9 10 ’ 141 . 

In conclusion, due to improvements in chemotherapy 
and advanced interventional radiologic chemoemboliza- 
tion techniques with improved short term survival in pa¬ 
tients with unresectable HCC [15 ’ 161 , GI tract fistulization 
and associated upper GI bleeding are likely to become 
more frequent in the future. This complication may be 
managed via palliative surgical resection, or by angio¬ 
graphic embolization, as was performed in our patient. 
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Abstract 

Helicobacter pylori {H. pylori) is one of the most com¬ 
mon chronic bacterial infections in humans, affecting 
half of world's population. Therapy for H. pylori infec¬ 
tion has proven to be both effective and safe. The one- 
week triple therapy including proton pump inhibitor, 
clarithromycin, and amoxicillin or metronidazole is still 
recommended as a first-line treatment to eradicate H. 
pylori infection in countries with low clarithromycin re¬ 
sistance. Generally, this therapy is well-tolerated, with 
only a few and usually minor side effects. However, 
rare but severe adverse effects such as pseudomem¬ 
branous colitis have been reported, Clostridium difficile 
{C. difficile) infection being the main causative factor in 
all cases. We report the cases of two women who de¬ 
veloped pseudomembranous colitis after a 1-wk triple 


therapy consisting of pantoprazole 20 mg bid, clar¬ 
ithromycin 500 mg bid, and amoxicillin 1 g bid to eradi¬ 
cate H. pylori infection. A limited colonoscopy showed 
typical appearance of pseudomembranous colitis, and 
the stool test for C. difficile toxins was positive. Rapid 
resolution of symptoms and negative C. difficile toxins 
were obtained in both patients with oral vancomycin. 
No relapse occurred during a four and eleven-month, 
respectively, follow up. These cases suggest that physi¬ 
cians should have a high index of suspicion for pseudo¬ 
membranous colitis when evaluate patients with diar¬ 
rhea following H. pylori eradication therapy. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved. 

Key words: Helicobacter pylori eradication; Triple ther¬ 
apy; Clostridium difficile ; Pseudomembranous colitis; 
Vancomycin 


Core tip: Herein are described the cases of two elderly 
women who developed pseudomembranous colitis after 
one-week triple therapy consisting of pantoprazole (20 
mg bid), clarithromycin (500 mg bid), and amoxicillin (1 
g bid) to eradicate Helicobacter pylori {H. pylori) infec¬ 
tion. After a 10-d treatment with oral vancomycin (125 
mg every 6 h) both patients had complete resolution of 
symptoms and negative stool test for Clostridium diffi¬ 
cile toxins. Clinicians should have a high index of suspi¬ 
cion of pseudomembranous colitis as a rare, but severe 
complication of H. pylori therapy. 


Trifan A, Girleanu I, Cojocariu C, Sfarti C, Singeap AM, Dorobat 
C, Grigore L, Stanciu C. Pseudomembranous colitis associated 
with a triple therapy for Helicobacter pylori eradication. World 
J Gastroenterol 2013; 19(42): 7476-7479 Available from: URL: 
http://www.wjgnet.com/1007-9327/full/vl9/i42/7476.htm DOI: 
http://dx.doi.org/10.3748/wjg.vl9.i42.7476 
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INTRODUCTION 

Helicobacter pylori (H. pylori) is one of the most common 
chronic bacterial infections in humans, affecting half of 
the world’s population. Its prevalence is high in develop¬ 
ing countries and low in the developed ones * 1 * ' 1 . H. pylori 
eradication therapy is supported by numerous consensus 
groups around the world, and the treatment of millions 
of infected subjects has demonstrated that such strategy 
is both effective and safe. The spectrum of indications 
for H. pylori eradication therapy has steadily extended 
over the last decade 1-1 with a resultant increase in its use. 
The one-week triple therapy including proton pump 
inhibitor (PPI), clarithromycin and amoxicillin or met¬ 
ronidazole proposed at the first Maastricht conference 1 ’ 1 
to eradicate H. pylori is still recommended as the first-line 
treatment by the recent Maastricht IV consensus confer¬ 
ence 1-1 in countries with clarithromycin resistance rate 
under 15%-20% ( e.g. , Northern European countries) 141 . 
Eradication rates with standard triple therapy have fallen 
to 70%-80% over the past few years, mainly due to in¬ 
creasing resistance to clarithromycin 151 . Generally, this 
therapy is well-tolerated, with only a few and usually 
minor side effects {e.g., nausea, metallic taste). However, 
severe adverse effects such as pseudomembranous colitis 
have been reported 16 " 151 , Clostridium difficile (C. difficile ) being 
the main causative agent in all cases. 

We report the cases of two elderly women who de¬ 
veloped pseudomembranous colitis after one-week triple 
therapy with pantoprazole, clarithromycin, and amoxicil¬ 
lin for H. pylori infection. 


CASE REPORT 

The first case is a 70-year-old woman who was referred 
to our department with a 10-d history of watery diarrhea 
(6-12 stools per day) and crampy abdominal pain. Her 
medical history included hypertension, chronic gastritis 
H. pylori positive, and colonic diverticulosis (previously 
diagnosed on colonoscopy). Three weeks before admis¬ 
sion she completed a one-week triple therapy (pantopra¬ 
zole 20 mg bid, clarithromycin 500 mg bid and amoxicillin 

1 g bid) for H. pylori infection. On physical examination, 
she looked unhealthy, and her abdomen was mildly ten¬ 
der, with no masses. Temperature and vital signs were 
normal. Laboratory investigations revealed leukocytosis 

(14800/mm 3 ) with neutrophilia, high C-reactive protein 

(11.5 mg/dL), and low levels of serum albumin (2.4 mg/ 
dL), sodium (133 mEq/L), and potassium (2.7 mEq/L). 
Two days before admission, stool samples examination 
excluded enteric bacterial pathogens (, Shighella, Salmonella, 
Yersinia spp.) as well as C. difficile toxins. Without any prior 
preparation, the patient underwent a limited colonoscopy, 
which showed diffusely scattered off-white pseudomem¬ 
branes attached to the hyperemic underlying mucosa and 
multiple diverticula (Figure 1). Repeated stool sample 
examination was positive for C. difficile toxins A and B. 
Treatment with oral metronidazole 500 mg every 8 h was 
initiated, replaced 72 h later with oral vancomycin 125 



Figure 1 Pre-treatment endoscopic examination. Colonoscopy revealed 
scattered off-white pseudomembranes, some of them around a diverticulum. 

mg every 6 h due to unfavorable response. After a 10-d 
treatment with vancomycin, the patient had a complete 
resolution of the symptoms and was discharged from 
hospital with negative results for C. difficile toxins and one 
stool per day. During a four-month follow-up, patient re¬ 
mained asymptomatic. 

The second case concerns a 71-year-old woman 
who was admitted with profuse watery diarrhea (up to 
10 stools daily) and abdominal pain. Her prior medi¬ 
cal history was unremarkable. Symptoms occurred 5 d 
after a one-week triple therapy (pantoprazole 20 mg bid, 
clarithromycin 500 mg bid and amoxicillin 1 g bid) for 
H. pylori eradication. Physical examination was normal, 
except for signs of dehydration. Microbiological exami¬ 
nation of stools was negative for Salmonella, Shigella and 
Yersinia spp., and did not reveal any parasites. The patient 
had leukocytosis (12400/mm 3 ), hypokalemia (2.8 mEq/ 
L), and mild inflammatory syndrome. Sigmoidoscopy 
showed typical signs of pseudomembranous colitis, while 
a stool test for C. difficile toxins A and B proved positive. 
The patient received 10-d treatment with oral vancomi- 
cyn 125 mg every 6 h, followed by prompt improvement 
in symptoms and negative test for C. difficile toxins. No 
relapse occurred during an 11-mo follow-up. 


DISCUSSION 

Eradication therapy for H. pylori provides enormous ben¬ 
efits and has proved to be both effective and safe. Except 
from the rare and mild side-effects, eradication therapy 
is generally well-tolerated. Severe adverse effects such as 
pseudomembranous colitis following eradication therapy 
have very rarely been reported 16 " 131 which is quite surpris¬ 
ing, taken into account the immense number of subjects 
treated worldwide. It is difficult to find a clear explana¬ 
tion why are so rare cases of pseudomembranous colitis 
after eradication therapy reported in the literature, but 
some hypotheses were put forward: (1) the use of met¬ 
ronidazole, an efficient drug against C. difficile', however, 
several cases of pseudomembranous colitis, as published, 
occurred after a regimen containing metronidazole 18 " 1 " 1 ; 
(2) the short duration of the therapy; (3) almost all treat- 
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ments are carried out in outpatients (hospitalization is 
a risk factor for C. difficile infection); and (4) many cases 
with mild clinical disease were most likely not diagnosed, 
either because the patients did not consult a physician or 
the physician did not suspect the development of C. dif¬ 
ficile infection 1 11 ' 

Over the last decade, C. difficile infection rate has in* 
creased dramatically worldwide both in incidence and 
severity 1 ' 4 ’ 151 . In addition to broad-spectrum antibiotic 
therapy, there have been identified many other potential 
risk factors for C. difficile infection (advanced age, female 
gender, comorbidities, admission to ICU, long hospital 
stay, immunosuppressive therapy, and PPI use) 1 ' 6 " 2 ' 1 . Sev¬ 
eral studies and recent meta-analyses have shown that 
PPI therapy is associated with increased risk of C. difficile 
infection 1 "'"" 71 , and United States Food and Drug Admin¬ 
istration even issued a safety announcement to inform 
the public about this possible risk 1 " 51 . Newly published 
studies have found that C. difficile infection can occur out¬ 
side the above mentioned well-known risk groups, in the 
absence of any hospitalization and even in young patients 
with no comorbidities 1 "’l 

All the components of the triple eradication therapy 
for H. pylori (PPI and two antibiotics: clarithromycin 
and amoxicillin or metronidazole) are potential risk fac¬ 
tors for C. difficile infection. The most responsible for 
development of pseudomembranous colitis seems to be 
clarithromycin, used in both our cases and in most of the 
published reports 16,7,10 ’ 131 . 

The spectrum of C. difficile infection is wide, ranging 
from mild, self-limiting diarrhea to fulminant pseudo¬ 
membranous colitis which is associated with significant 
morbidity and mortality. Most patients with C. difficile 
infection have a mild-to-moderate disease, but some may 
develop severe forms of disease such as pseudomembra¬ 
nous colitis, or even complicated by toxic megacolon 171 . 
Among variables used to define severe disease, the most 
important are the presence of pseudomembranes at en¬ 
doscopy and age over 65 years. Both our cases met the 
criteria for a severe form of disease, and were treated 
with vancomycin according to current guidelines recom¬ 
mendations 13 " 1 . 

Our cases, in addition to the ones published, demon¬ 
strate that pseudomembranous colitis can occur after a 
usually well-tolerated triple therapy for H. pylori eradica¬ 
tion. Despite this very rare complication, it should be 
underlined that H. pylori eradication therapy provides 
huge benefits and remains effective and generally safe. 
However, C. difficile infection may occur with an eradica¬ 
tion therapy for H. pylori consisting of two antibiotics 
and a PPI. Most likely, C. difficile infection cases following 
H. pylori eradication therapy are not as rare as reported 
by literature, considering that a significant proportion of 
mild form of disease does not come to physician’s at¬ 
tention and thus may remain undiagnosed 13 ' 1 . Clinicians 
should be aware of such complication when prescribing 
triple therapy for H. pylori eradication, and should inform 
the patients that they may have diarrhea during or after 
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treatment, and therefore should seek medical advice. 

In conclusion, pseudomembranous colitis should be 
suspected in any patient with watery diarrhea during or 
after triple therapy for H. pylori eradication. Awareness of 
such complication is particularly important in the actual 
context when both duration and indications for H. pylori 
eradication therapy have been extended. 
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Abstract 

Hepatocellular adenoma (HCA) is one of the important 
complications of glycogen storage disease type I a 
(GSD- I a) because it can be transformed into hepa¬ 
tocellular carcinoma. Although surgical resection is a 
standard treatment of choice for solitary HCA, multiple 
HCAs in GSD-1 a patients present as therapeutic chal¬ 
lenges for curative treatment. Therefore, treatment 
strategy according to malignant potential is important 
in management of HCAs in GSD-1 a. The authors pres¬ 
ent a case of histologically proven multiple HCAs with¬ 
out p-catenin mutations occurred in a GSD-1 a patient 
treated successfully with percutaneous radiofrequency 
ablation as a minimally invasive therapy. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved. 

Key words: Glycogen storage disease; Hepatocellular 


adenoma; Radiofrequency ablation; p-catenin activa¬ 
tion; Glycogen storage disease 


Core tip: Risk stratification by pathological examination 
is an important step in deciding therapeutic options of 
multiple hepatocellular adenoma in glycogen storage 
disease type I a patients. 


Aim SY, Park SY, Kweon YO, Tak WY, Bae HI, Cho SH. Suc¬ 
cessful treatment of multiple hepatocellular adenomas with 
percutaneous radiofrequency ablation. World J Gastroenterol 
2013; 19(42): 7480-7486 Available from: URL: http://www.wjg- 
net.com/1007-9327/full/vl9/i42/7480.htm DOI: http://dx.doi. 
org/10.3748/wjg.vl9.i42.7480 


INTRODUCTION 

Glycogen storage disease type I a (GSD- I a) is an in¬ 
herited disorder of carbohydrate metabolism caused by 
glucose-6-phosphatase deficiency in the liver, kidneys and 
intestinal mucosa * 1 ' 1 . liver diseases associated with GSD- 

I a include hepatocellular adenoma (HCA) which can 
lead to considerable morbidity and mortality associated 
with malignant transformation and intratumoral hemor- 
rhage [ ~ ! . While HCA associated with oral contraceptives 
or exogenous androgen is relatively large, single and en¬ 
capsulated HCAs in GSD- I a tend to be small, multiple 
and non-capsulated 1 ’ 1 . Furthermore, HCAs in GSD- I a 
tend to transform into hepatocellular carcinoma (HCC) 
more frequently than sporadic HCAs 1 ' 1 . Rates of trans¬ 
formation into HCC have been reported approximately 
as being up to 10% [41 . Recently, sporadic HCAs have 
been classified into four subgroups; hepatocytic nuclear 
factor 1 a mutated HCAs, [3-catenin-activated HCAs, 
inflammatory HCA, and unclassified HCA according to 
molecular markers and immunohistochemistry 151 . Because 
|3-catenin activation is known as a risk factor for malig- 
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nant transformation, subgroup classification of HCAs 
has been suggested as an important step in management 
of HCAs 16,71 . Although several strategies for management 
of multiple HCAs in GSD- I a are suggested in literature, 
the best treatment is still controversial 181 . Surgical resec¬ 
tion has been a standard treatment for solitary HCA with 
high risk of malignancy. However, the role of surgical 
resection is limited in multiple HCAs in GSD- I a. Liver 
transplantation could be another treatment option for 
management of multiple HCAs as well as correction 
of most metabolic derangement in GSD- I a patients 111 . 
Other options such as ethanol injection and transarte- 
rial embolization have been suggested as new and less 
invasive treatments 11 "* 1 " 1 . The authors present a case of 
multiple HCAs without (3-catenin mutations in a patient 
with GSD- I a which were successfully treated by ultra¬ 
sonography guided percutaneous radiofrequency ablation 
(RFA). 


CASE REPORT 

A 24-year-old male patient was referred for multiple liver 
masses. He was diagnosed as GSD- I a 10 years ago. He 
had a family history of two brothers who died of HCC 
at the age of 22 and 26 years, respectively. His mother 
died from an undetermined cause in her twenties. After 
diagnosis, he had never received dietary therapy or other 
medical treatments. He was undersized with a height 
of 166 cm and weight of 51 kg. The laboratory find¬ 
ings revealed hyperlipidemia and hyperuricemia after 
a 12 h fast (Table 1). Serologic tests for viral hepatitis 
and autoimmune liver disease were all negative. Serum 
levels of a-fetoprotein and prothrombin induced by 
vitamin K deficiency or antagonist- II were 2.4 ng/mL 
and 35 mAU/mL. Mutation analysis of the glucose- 
6-phosphatase gene revealed compound heterozygosity 
for p.Leu216X (c.648G > T) and p.Gly222Arg (c.664G 
> A) in exon 5. On subsequent gadolinium ethoxybenzyl 
diethylene triamine pentaacetic acid (Gd-EOB-DTPA; 
Primovist, Bayer Schering Pharma, Berlin, Germany) en¬ 
hanced magnetic resonance imaging (MRI), four arterial- 
phase enhancing nodules were noted in both lobes of 
liver and these nodules showed clear defects on 20 min 
hepatobiliary phase (Figure 1). Three nodules revealed 
the same features with intense homogeneous arterial 
enhancement, nearly iso-signal intensity with capsular 
enhancement on 3 min delayed phase, and intermediate 
high signal intensity on axial T2-weighted image (T2WI). 
There was no evidence of fat component or internal 
hemorrhage, or the Atoll sign (Figure 1A-C). One nodule 
showed heterogeneous signal intensity on 3 min delayed 
phase, axial T2WI, and 20 min hepatobiliary phase (Figure 
ID). These features were consistent with multiple hepatic 
adenomas associated with GSD- I a. We performed per¬ 
cutaneous liver biopsies on each nodule to identify HCA 
subtype. Each biopsy specimen underwent standard his- 
topathological examination and immunohistochemistry 
for p-catenin, glutamine synthetase and amyloid A (Figure 
2). Immunohistochemistry confirmed all the adenomas as 


Table 1 Laboratory findings on admission 


Blood chemistry 

Value 

Total bilirubin 

0.42 mg/ dL 

ALP 

218 U/L 

AST 

87 U/L 

ALT 

37 U/L 

LDH 

275 U/L 

y-GTP 

152 U/L 

Total protein 

8.9g/dL 

Albumin 

4.8 g/dL 

Total cholesterol 

380 mg/ dL 

TG 

1688 mg/dL 

Uric acid 

9.4 mg/dl 

BUN 

8.5 mg/dL 

Creatinine 

1.15 mg/ dL 

Glucose 

93 mg/ dL 

Lactic acid 

3.5 mmol/L 

Hemoglobin Ale 

5.0% 

Hematology 


Hemoglobin 

11.3 g/dL 

White blood cell 

4.14 x 10 3 /pL 

Platelet 

269 x 10 3 /|jL 

Serology 


AFP 

2.2 ng/mL 

PIVKA-n 

35 mAU/mL 

Hepatitis B surface antigen 

Negative 

Anti HBs Ab 

Negative 

Hepatitis B core antibody 

Negative 

Anti HCV Ab 

Negative 

Hemostasis 


Prothrombin time 

11.2 s 


ALP: Alkaline phosphatase; AST: Aspartate transaminase; ALT: Alanine 
aminotransferase; LDH: Lactate dehydrogenase; y-GTP: Gammaglutamyl 
transpeptidase; TG: Triglyceride; BUN: Blood urea nitrogen; AFP: 
a-fetoprotein; PIVKA- II: Prothrombin induced by vitamin K deficiency or 
antagonist- II. 

inflammatory type HCA without malignant transforma¬ 
tion. As all the nodules were small without malignant cells 
and p-catenin activation, we performed ultrasonography 
guided RFA as a less invasive therapeutic option. RFA 
was successfully performed under local anesthesia using 
a cool-tip electrode with a 3 cm exposed tip (ACT2030, 
Covidien, Mansfield, MA, United States). Multiple over¬ 
lapping ablation methods were applied for each adenoma. 
There was no procedure-related complication after RFA. 
Three months follow-up computed tomogram scans 
revealed gradual reduction of the RFA zone without any 
residual tumor (Figure 3). 


DISCUSSION 

Management of HCAs in patients with GSD- I a is not 
well established because of the rarity of this disease. As 
patients with GSD- I a survive longer with intensive di¬ 
etary therapy, they have more chances to develop HCAs 
in their expanded life span 1131 . Although there is a case 
report that HCA in GSD- I a regressed after strict dietary 
therapy, maintenance of normoglycemia under intensive 
dietary therapy is insufficient to regress HCAs or reverse 
malignant transformation because patients with mul¬ 
tiple HCAs sometimes showed sudden progression and 
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Figure 1 Hepatic adenomas associated with glycogen storage disease type I a. A: Gd-EOB-DTPA enhanced axial T1 -weighted image on arterial phase (left up¬ 
per) reveals approximately 2 cm intense enhancing mass in the segment 3 of liver (black arrows). The mass shows nearly iso-signal intensity with capsular enhance¬ 
ment on 3 min delayed phase (right upper), intermediate high signal intensity on axial T2-weighted image (left lower), and clear defect on 20 min hepatobiliary phase 
(right lower); B: Approximately 1.8 cm sized intense enhancing mass on arterial phase (left upper) is noted in the segment 6 of liver. This mass shows suspicious focal 
eccentric wash-out enhancement (white arrows) on 3 min delayed phase (right upper). This portion reveals relatively low signal intensity on axial T2-weighted image (left 
lower) and 20 min hepatobiliary phase (right lower), compared to other tumor area. Surrounding rim enhancement in the tumor is seen on 20 min hepatobiliary phase; 
C: Approximately 1.8 cm arterial enhancing mass (white arrows) is seen in the segment 2 of liver. The mass reveals slightly high signal intensity on 3 min delayed 
phase (right upper), intermediate high signal intensity on axial T2-weighted image (left lower), and fuzzy defect on 20 min hepatobiliary phase (right lower). Multifocal 
arterioportal shunts (asterisks) are noted in the segments 3 and 7 of liver; D: Approximately 1.8 cm sized intense enhancing mass (black arrows) on arterial phase (left 
upper) is noted in the segment 6 of liver. This mass shows slightly high signal intensity with capsular enhancement on 3min delayed phase (right upper), and inter¬ 
mediate high signal intensity on axial T2-weighted image (left lower). On 20 min hepatobiliary phase (right lower), the tumor reveals clear defect with surrounding rim 
enhancement. Gd-EOB-DTPA: Gadolinium ethoxybenzyl diethylene triamine pentaacetic acid. 
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Figure 2 The histological features are consistent with the inflammatory type of hepatocellular adenoma. A: A hepatocellular adenoma in GSD-la has several 
unpaired arteries (thick black arrows), sinusoidal dilation (thin black arrows), and steatosis (white arrows), but the atypia of hepatocytes are low without a nuclear 
pleomorphism; B: A reticulin staining does not show thick hepatic cords; C: The lymphocytic infiltrates are found in a hepatic lobule; D: The lymphocytes infiltrate in the 
area surrounded a portal and a periportal tracts; E: Staining for glutamine synthetase is diffuse cytoplasmic with focal nuclear expression; F: p-catenin staining does 
not show abnormal expression. GSD-la: Glycogen storage disease type I a. 


metastatic spread 11 ' 14 ’ 11 . As HCAs in GSD- I a tend to be 
multiple, involving both lobes of liver, the ultimate treat¬ 
ment of HCAs in GSD- I a is liver transplantation for 
management of HCAs and to reverse metabolic derange¬ 
ment 1 , ’ 181 . However, liver transplantation is rarely per¬ 
formed due to uncertainties on timing of transplantation, 
limited organ availability and combined renal dysfunction 
with immunosuppression 111 '. Surgical resection of HCAs 
is suggested as an effective intermediate therapy for 
prevention of HCC until liver transplantation 1 ' 3 '. How¬ 
ever, liver resection in GDS- I a patients showed greater 
morbidity including intra-abdominal abscess, multi-organ 
failure, unstable blood glucose control and hemorrhage. 

Recently, molecular characterizations of HCAs dem¬ 
onstrated that frequent p-catenin mutations are more 


frequently observed in HCAs in GSD- I a and related to 
increased risk of malignant transformation like sporadic 
HCAs' 19 '. To assess the risk of malignant transformation, 
we biopsied each HCA for analysis of subtype of each 
tumor by immunohistochemistry. All the HCAs were 
small and inflammatory type with low risk of malignant 
transformation. There are reports of treatment of HCAs 
in GSD- I a by transarterial embolization and ethanol 
injection as a minimal invasive procedure' 11 ’ 1 ”'. As RFA 
can offer complete necrosis of target lesions compared 
to transarterial embolization and ethanol injection, we 
treated HCAs by percutaneous RFA successfully. The 
present case shows the potential role of RFA in manage¬ 
ment of multiple HCAs in GSD- I a patients along with 
risk stratification by pathological examination. 
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Figure 3 Computed tomogram follow-up after 3 mo showed gradual reduction of radiofrequency ablation zone. A: Post-RFA follow-up CT revealed gradual 
contraction of ablated lesion in segment 3 to 1 cm; B: Complete ablation of enhancing lesion in segment 6 was observed in Post-RFA follow-up CT; C: Post-RFA fol¬ 
low-up CT showed complete ablation of 1.8 cm sized tumor in segment 2; D: Post-RFA CT revealed no residual lesion without adjacent organ damage. CT: Computed 
tomogram; RFA: Radiofrequency ablation. 
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Abstract 

In a recent article, Longman and Swaminath analyzed 
our paper on the use of rifaximin in patients with 
moderately active Crohn's disease (CD). Here we re¬ 
port some considerations concerning their article. The 
exploratory post-hoc subgroup analysis showed that 
early-stage disease and, differently from that written 
by Longman and Swaminath, also colonic involvement 
seemed to be associated with a significant higher ef¬ 
ficacy of rifaximin-EIR 800 mg twice daily. Early-stage 
disease is generally considered as the more easily treat¬ 
able phase of CD, and the better response to rifaximin 
in Crohn's colitis is in accordance with the high con¬ 
centration of bacteria in the colon. In addition, patients 
with C reactive protein level > 5 mg/L achieved remis¬ 
sion more significantly than patients with normal val¬ 
ues, thus suggesting that the symptoms were probably 
caused by inflammation instead of by non-inflammatory 
causes. We also analyze the role of rifaximin against 
gut bacteria and the clinical situations that could obtain 
the best results from antibiotics. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved. 

Keywords: Crohn's disease; Intestinal microbiota; Non¬ 
absorbable antibiotic; Rifaximin 


Core tip: In this letter to the Editor we report some 
considerations concerning the article entitled "Microbial 
manipulation as primary therapy for Crohn's disease" 
written by Longman and Swaminath. In the article the 
authors analyzed our paper on the use of rifaximin as 
primary therapy in active Crohn's disease. The post-hoc 
analysis of our study showed that early-stage disease, 
colonic involvement and a C reactive protein level > 
5 mg/L were associated with a significant higher ef¬ 
ficacy of rifaximin. We also discuss the role of rifaximin 
against intestinal bacteria and the clinical situations to 
explore further in controlled studies with antibiotics. 


Prantera C, Scribano ML. Rifaximin and Crohn’s disease. World 
J Gastroenterol 2013; 19(42): 7487-7488 Available from: URL: 
http://www.wjgnet.com/1007-9327/full/vl9/i42/7487.htm DOI: 
http://dx.doi.org/10.3748/wjg.vl9.i42.7487 


TO THE EDITOR 

We would like to thank Doctor Longman and Swaminath 
from Columbia University for their interesting analysis 
of our article concerning the trial of rifamixin in Crohn’s 
disease (CD) 11 ” 1 . 

Their expert analysis entitled “Microbial manipula¬ 
tion as primary therapy for Crohn’s disease” merits some 
considerations and one slight correction: (1) The post-hoc 
explorative subgroup analysis has certainly revealed that 
patients with an early disease (as defined as first diagnosis 
^ 3 years before enrollment in the study) are significantly 
more likely to achieve remission with rifaximin-EIR 800 
mg twice a day compared to placebo, but, differently 
from what Longman and Swaminath have written, also 
colonic involvement, and a baseline C-reactive protein 
(CRP) level > 5 mg/L showed the same statistical signifi¬ 
cant superiority. The favorable effect of these three fac¬ 
tors is biologically plausible. Elevated CRP values suggest 
that the symptoms, which increase the Crohn’s disease 
activity index values, are probably caused by inflamma- 
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tion instead of by non-inflammatory causes such as irri¬ 
table bowel, bile salt diarrhoea or previous surgery. Many 
previous studies with antibiotics have shown that Crohn’ 
s colitis responds better to this therapy than does that in 
the small bowel location, and this is in accordance with 
the higher microbial content in the colon. Finally, early 
disease is more easily treatable because the lesions are 
mainly inflammatory and the structural damage has usu¬ 
ally not yet appeared; (2) Rifaximin is a non-absorbable 
antibiotic and consequently it should not work on the 
bacteria attached to the mucosa. Rifaximin can work 
against bacteria present in the lumen but not against 
adherent Escherichia coli (AIEC), and this fact could be 
particularly important if AIEC is one of the causes of 
CD 1 2 3 4 ’ 1 . At most rifaximin can reduce the attachment of 
enteroaggregative Escherichia coli by biologically altering 
the host cell, but it should not able to counteract the 
bacteria already adherent to the mucosa 141 . A study which 
explores the efficacy of one antibiotic together with a 
microbial analysis in order to ascertain which bacteria are 
involved in the inflammatory process, cannot be limited 
to investigating the stools flora, given that the bacteria 
found in the stools probably do not represent the adher¬ 
ent bacteria and could not be responsible for the inflam¬ 
mation; (3) From our study about 50% of the patients 
maintained clinical remission 12 wk after stopping rifaxi¬ 
min. It is probable, however, that a permanent change of 
the microbiota does not occur; and (4) Doctors Longman 
and Swaminath ask how to select patients who could ob¬ 


tain the best benefit from antibiotics. Crohn’s colitis and 
elevated values of acute phase reactants seem the better 
clinical situation to explore further in controlled studies. 
Given the possible role of adherent bacteria in causing 
CD or, at least, in being responsible for symptoms, an¬ 
other very promising situation should be explored: im¬ 
mediately after surgery, when all the diseased tracts have 
been removed, antimicrobial therapy could obstruct the 
adherence of bacteria to the mucosa reducing the recur¬ 
rence of lesions. 
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advances in their field to help improve the therapeutic skills of 
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board members are invited to write commentaries on classic 
articles, hot topic articles, or latest articles to keep readers at 
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about the article to be commented (including authors, article 
title, journal name, year, volume, and inclusive page numbers; (6) 
Minireviews: The editorial board members are invited to write 
short reviews on recent advances and trends in research of mo¬ 
lecular biology, genomics, and related cutting-edge technologies 
to provide readers with the latest knowledge and help improve 
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invited to write articles about medical ethics to increase read¬ 
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ethics guidelines, animal studies, clinical trials, organ transplanta¬ 
tion, etc:, (10) Clinical Case Conference or Clinicopathological 
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ute high-quality clinical case conference; (11) Original Articles: 
To report innovative and original findings in gastroenterology 
and hepatology; (12) Brief Articles: To briefly report the novel 
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from the others; (14) Case Report: To report a rare or typical 
case; (15) Letters to the Editor: To discuss and make reply to 
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